The global abundance of tree palms by Muscarella, Robert et al.
For Peer Review
1
1 THE GLOBAL ABUNDANCE OF TREE PALMS
2 Running title: The global abundance of tree palms
3
4 ABSTRACT
5 Aim: Palms are an iconic, diverse, and often abundant component of tropical ecosystems that provide 
6 many ecosystem services. Being monocots, tree palms are evolutionarily, morphologically, and 
7 physiologically distinct from other trees, and these differences have important consequences for 
8 ecosystem services (e.g., carbon sequestration and storage) and in terms of responses to climate 
9 change. We quantified global patterns of tree palm relative abundance to help improve understanding of 
10 tropical forests and reduce uncertainty about these ecosystems under climate change.
11 Location: Tropical and subtropical moist forests
12 Time period: Current
13 Major taxa studied: Palms (Arecaceae)
14 Methods: We assembled a pantropical dataset of 2,548 forest plots (covering 1,191 ha) and quantified 
15 tree palm (i.e., 10 cm diameter) abundance relative to co-occurring non-palm trees. We compared the ≥
16 relative abundance of tree palms across biogeographical realms, and tested for associations with 
17 paleoclimate stability, current climate, edaphic conditions, and metrics of forest structure.
18 Results: On average, relative abundance of tree palms was more than five times larger between 
19 Neotropical locations and other biogeographic realms. Tree palms were absent in most locations outside 
20 the Neotropics but present in >80% of Neotropical locations. Relative abundance of tree palms was more 
21 strongly associated with local conditions (e.g., higher mean annual precipitation, lower soil fertility, 
22 shallower water table, and lower plot-mean wood density) than metrics of long-term climate stability. Life 
23 form diversity also influenced the patterns; palm assemblages outside the Neotropics comprise many 
24 non-tree (e.g., climbing) palms. Finally, we show that tree palms can influence estimates of above-ground 
25 biomass but the magnitude and direction of the effect requires additional work.
26 Conclusions: Tree palms are not just quintessentially tropical, they are overwhelmingly Neotropical. 
27 Future work to understand the contributions of tree palms to biomass estimates and carbon cycling will be 
28 particularly critical in Neotropical forests.
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29
30 Keywords: above-ground biomass, abundance patterns, Arecaceae, local abiotic conditions, Neotropics, 
31 pantropical biogeography, tropical rainforest, wood density
32
33 INTRODUCTION
34 Palms (Arecaceae/Palmae) are an iconic and diverse group (>2,500 recognized species worldwide) that 
35 have long delivered a wide range of provisioning services to humankind (Tomlinson, 2006; Eiserhardt et 
36 al., 2011; Cámara-Leret et al., 2017; Levis et al., 2017). Many palms are considered ecological keystone 
37 species because large numbers of animals depend on their fruit and flower resources (Onstein et al., 
38 2017). In some areas, palms are also remarkably abundant. For instance, six of the ten most common 
39 tree species in the Amazon rain forest are palms (ter Steege et al., 2013). Given the morphological and 
40 physiological distinctiveness of palms (which are monocots) (Renninger & Phillips, 2016), palm 
41 abundance can have important consequences for tropical forest ecosystem function, including carbon 
42 sequestration. However, we currently lack a quantitative analysis of the biogeographic patterns and 
43 conditions associated with palm abundance.
44 As a family, palms exhibit a variety of growth forms ranging from small shrubs to lianas and large 
45 trees. Based on available data (Kissling et al., 2019), about 40% of palm species are capable of growing 
46 stems 10cm in diameter at 1.3 m above the ground (here defined as “tree palms”). Tree palms have 
47 often been pooled with non-palm trees in forest inventory plots that are commonly used to measure 
48 terrestrial carbon stocks and parameterize vegetation models (Phillips et al., 2013). This raises several 
49 issues. First, biomass estimates are typically based on allometric equations developed for non-monocot 
50 trees (e.g., Feldpausch et al., 2012; Chave et al., 2014). These equations tend to perform poorly for 
51 palms because they lack secondary growth which decouples diameter-height relationships (Goodman et 
52 al., 2013). Second, physiological and morphological differences between tree palms and other trees 
53 suggest the potential for large differences in terms of the responses of tree palms to environmental 
54 change drivers compared to non-palm trees (Emilio et al., 2014; Renninger & Phillips, 2016). From an 
55 ecosystem functioning perspective, these issues are clearly most critical in areas where palms account 
56 for a relatively high proportion of forest biomass. Here we provide the first global analysis of tree palm 
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57 abundance relative to other co-occurring trees to help reduce uncertainty about tropical ecosystem 
58 function.
59 Patterns of tree palm abundance may be associated with variation in contemporary ecological 
60 conditions that favor the establishment and persistence of palms over other types of trees (the 
61 contemporary conditions hypothesis). Most existing evidence for palm abundance distributions along 
62 contemporary environmental gradients comes from studies in Amazonian forests where palms tend to be 
63 more abundant in areas with ample soil moisture and relatively high soil fertility (Kahn & Mejia, 1990; 
64 Svenning, 1999; Svenning, 2001; Castilho et al., 2006; Costa et al., 2009; Emilio et al., 2014; Schietti et 
65 al., 2014). Palm root architecture is the most likely explanation for the observed patterns in relation to 
66 hydrological and soil properties for at least two reasons. First, palms tend to have dense, superficial root 
67 systems that may provide them with better anchorage compared to relatively deep-rooted trees in 
68 dynamic fluvial systems. In an Ecuadorian forest, for example, Gale & Barford (1999) found that uprooting 
69 was ca. 50% higher for dicotyledonous trees than the dominant palm Iriartea deltoidea. Second, higher 
70 investment in root biomass towards the soil surface may be beneficial in terms of competition for nutrients 
71 but could represent a limitation for growth in regions where plants must rely on seasonal access to 
72 deeper water. Under these conditions, high annual precipitation and low precipitation seasonality should 
73 maximize advantages of shallow root systems and, therefore, promote relative abundance of palms 
74 (Eiserhardt et al., 2011). 
75 However, local edaphic conditions in the Amazon region are also correlated with longer-term 
76 landscape evolution (Hoorn et al., 2010; Higgins et al., 2011) and forest stem turnover rates, which may 
77 also indirectly affect palm abundance (e.g., Emilio et al., 2014). For instance, several studies have shown 
78 that at least some palm species can be successful in relatively dynamic forests by capitalizing on high 
79 resource conditions following disturbance (Salm, 2005; Eiserhardt et al., 2011; Emilio et al., 2014). 
80 Additionally, some palms are resilient to certain types of disturbance, including hurricanes and blowdowns 
81 (Lugo & Scatena, 1996) and, in some cases, fire. As a result, we might expect tree palm relative 
82 abundance to be positively associated with contemporary rates of forest turnover. In general, the extent to 
83 which relatively local ecological factors can help explain biogeographical scale variation in tree palm 
84 abundance remains unknown. In summary, under the contemporary conditions hypothesis, we expect 
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85 significant associations between local ecological conditions and tree palm relative abundance. In 
86 particular, we expect higher tree palm relative abundance in areas with higher annual and dry season 
87 rainfall, more fertile soils with shallower depth to the water table, and faster stem turnover rates. 
88 It is also possible that patterns of palm abundance are associated with historical distributions of 
89 conditions that allowed persistence of palms species and populations over long time periods (the climate 
90 stability hypothesis). Previous work on macroecological patterns of palm diversity provides context for 
91 hypotheses about historical drivers of tree palm abundance at biogeographical scales (Svenning et al., 
92 2008; Eiserhardt et al., 2011; Kissling et al., 2012a). For example, Kissling et al. (2012a) reported that the 
93 extent of tropical rain forest biome in different biogeographic realms during the Cenozoic period (based 
94 on paleoclimate reconstructions) was positively associated with current palm diversity. Relatively low 
95 palm species richness in Africa has been attributed to extinctions during rain forest contraction (Kissling 
96 et al., 2012a; Faye et al., 2016). However, Baker and Couvreur (2013) argued that higher speciation rates 
97 outside Africa (as opposed to higher extinction rates in Africa) may better explain contemporary richness 
98 patterns. In Madagascar, Rakotoarinivo et al. (2013) reported higher palm diversity in areas that had 
99 higher precipitation during the last glacial maximum last glacial maximum (LGM; 21,000 years ago) 
100 compared to present-day precipitation. In general, paleoclimatic variability could also be associated with 
101 spatial variation of palm abundance. For example, larger areas with more stable tropical climates could 
102 facilitate larger populations of palms, which could also be associated with higher diversification rates 
103 (Rosenzweig, 1995; Kisel et al., 2011; Blach-Overgaard et al., 2013; Rakotoarinivo et al., 2013; Couvreur 
104 et al., 2015). Therefore, under the climate stability hypothesis, we expect a positive association between 
105 metrics of long-term climatic stability and tree palm relative abundance.
106 In this study, we use a large pantropical dataset of forest plots to quantify global scale variation in 
107 tree palm abundance (quantified as basal area and number of stems) relative to co-occurring trees. We 
108 examine spatial patterns of tree palm relative abundance across major biogeographical realms, as well as 
109 correlations with abiotic and biotic variables in light of the contemporary conditions and climate stability 
110 hypotheses, outlined above. As a step towards assessing the potential ecosystem-level consequences of 
111 tree palm relative abundance patterns, we estimate the amount of error introduced to standard 
112 calculations of above-ground biomass (AGB) when tree palms are pooled with other trees versus treated 
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113 separately. Finally, in light of the broad range of palm growth forms, we assess how the diameter size 
114 threshold commonly used in forest inventory plots (10 cm) affects inferences of tree palm relative 
115 abundance in different biogeographical realms. Our overarching aim is to develop a quantitative 
116 understanding of patterns and drivers of tree palm relative abundance across broad geographic and 
117 environmental scales that can help better understand this important and unique group, and to reduce 
118 uncertainty about tropical ecosystem functioning and dynamics.
119
120 METHODS
121 Forest inventory data
122 Drawing primarily from ForestPlots.net (Lopez-Gonzalez et al., 2009; Lopez-Gonzalez et al., 2011; Lewis 
123 et al., 2013) and the database compiled by Slik et al. (2018), we assembled data for 2,624 individual 
124 forest plots located in the subtropical and tropical moist broadleaf forest biomes as defined by Olson et al. 
125 (2004). A list of publications associated with data used in this paper is found in Appendix 1. In each plot, 
126 all individual stems with a diameter of 10 cm at breast height (DBH, 1.3 m above the ground) were 
127 identified and measured for DBH. Our analyses focus on arborescent palms that reach 10 cm DBH 
128 (henceforth, "tree palms") since smaller diameter stems are excluded in the standard protocol of most 
129 forest inventories. Although palms occur in a wide range of tropical ecosystems (including rain forests, 
130 savannas, dry forests), we focused on moist forests because this biome houses the greatest palm 
131 diversity and it is where the majority of plots in our dataset are located. We further restricted our analyses 
132 to plots reported as 'old-growth', 'primary', or 'undisturbed' by the original data collectors and excluded 57 
133 plots described as swamps or "monodominant" palm forests. We analyzed a total of 2,548 plots (covering 
134 a total of 1,191 ha) (Appendix 2). To reduce spatial autocorrelation, we pooled data from plots within the 
135 same 10 km × 10 km grid cell – hereafter we refer to these as aggregated plots as 'locations'. After 
136 aggregating, our dataset included 842 locations (Figure 1A). The area sampled per location ranged from 
137 0.1 to 51.8 ha (median ± sd = 0.4 ± 3.5 ha) and 95% of the locations sampled  0.1 ha. We classified 
138 each location to one of the biogeographic realms defined by Olson et al. (2004) but we combined 
139 locations in Oceania with Australasia because of their strong historical connection (Muellner et al., 2008) 
140 and their relatively low sample sizes (N=32 and 37, respectively).
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141 For each location, we calculated relative basal area (BApalm) and relative abundance (RApalm) of 
142 tree palms as the sum of tree palm basal area or number of tree palm individuals divided by the total 
143 basal area or total number of stems. These relative metrics of tree palm abundance reduce variation 
144 caused by differences in sample area and stem density across locations. Results based on BApalm and 
145 RApalm were highly correlated and we present and discuss BApalm results in the main text (results based on 
146 RApalm are provided in the Supplementary Materials).
147
148 Environmental variables
149 To address our hypothesis about the link between long-term climatic stability and tree palm 
150 abundance (the climate-stability hypothesis), we used several variables that likely had major impacts on 
151 the distributions of palms and their habitats (e.g., Melo et al., 2018). Specifically, we calculated the 
152 absolute difference (or "anomaly") between the last glacial maximum (LGM; 21,000 years ago) and 
153 modern climatological averages (1979-2013), for both mean annual precipitation (mm yr-1) and 
154 precipitation in the driest quarter (mm quarter-1) using 30 arcsec (~1 km2) resolution data from CHELSA 
155 (Karger et al., 2017). We used LGM variables based on data from the Palaeoclimate Modelling 
156 Intercomparison Project (PMIP3) and output from the Community Climate System Model (CCSM4) 
157 (Karger et al., 2017).
158 We used several datasets to address our hypothesis about contemporary ecological controls on 
159 tree palm relative abundance (the contemporary conditions hypothesis). For contemporary climate, we 
160 extracted mean annual precipitation (mm yr-1) and precipitation in the driest quarter (mm quarter-1) for 
161 each location from the 30 arcsec (~1 km2) resolution CHELSA dataset (Karger et al., 2017). For edaphic 
162 conditions, we extracted cation exchange capacity (CEC; a general proxy for soil fertility; cmol+/kg) at 250 
163 m resolution from the SoilGrids website (www.soilgrids.org). We focused on CEC because prior work has 
164 shown associations between forest composition (including palm diversity) and soil fertility (Muscarella et 
165 al., 2019). We extracted depth to water table (m) from the 30 arcsec (~1 km2) resolution database of Fan 
166 et al. (2013). We examined how conditions at the study locations reflect the range of conditions in their 
167 respective biogeographic realms by sampling each variable at 10,000 random points in each realm 
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168 (Figure S1). We extracted values for the predictor variables listed above based on the mean latitude and 
169 longitude of plots in each location.
170 We calculated two proxies for turnover rates in each location. First, because forests with faster 
171 turnover rates tend to have shorter canopies (Feldpausch et al., 2011), we estimated maximum canopy 
172 height for each location based on the tree inventory data. More specifically, since most plots do not 
173 include measured data on tree height, we used the 'BIOMASS' package (Réjou-Méchain et al., 2017) to 
174 estimate the height of each individual tree based on its diameter using the geographically-based 
175 allometric equation of Chave et al. (2014). We used the 95th percentile of estimated tree height in each 
176 location as a metric of maximum canopy height (comparable results were obtained when using the 99th 
177 percentile). Second, we calculated the basal-area weighted mean (CWM) wood density for each location 
178 by matching wood density data from the global wood density database (Chave et al., 2009; Zanne et al., 
179 2009) with the relative basal area of each species in each location. CWM wood density reflects life-history 
180 strategies of trees and stands with lower values of CWM wood density tend to have more rapid turnover 
181 rates  (Phillips et al., 2004; Chave et al., 2009; Phillips et al., 2019). Because we were interested in the 
182 relationship between local environmental conditions and palm relative abundance patterns, we excluded 
183 palms when calculating CWM wood density. However, note that CWM wood density values per location 
184 were highly correlated whether or not palms were included (Pearson's r = 0.98). Species-level mean 
185 wood density values were available for 51% of the individual stems (representing 61% of the total BA), 
186 genus-level mean values were used for 37% of the individuals (30% of the total BA), family-level mean 
187 values were used for 9% of the individuals (6% of the total BA), and we excluded the remaining 3% of 
188 individuals (representing 3% of the total BA) that were not identified to the family level. The computed 
189 CWM wood density values were highly correlated with CWM wood density values computed based only 
190 on species-level data (Pearson’s r=0.87), genus-level data (Pearson’s r=0.99), or family-level data 
191 (Pearson’s r=0.99).
192
193 Statistical analyses
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194 As a first step to assess general patterns of tree palm occurrence, we used t-tests to compare each 
195 environmental covariate described above between locations with and without tree palms, separately for 
196 each realm. We log-transformed all covariates except for CWM wood density prior to analysis.
197 Then, to assess associations between tree palm abundance and covariates, we fit a Bayesian 
198 zero-inflated version of the beta regression (BeZI) (Ospina & Ferrari, 2010) since our response variable of 
199 interest (BApalm) is a proportion and tree palms were absent from many (61%) locations. We modeled 
200 BApalm at each location, i, using a beta-distributed random variable ~ BeZI ( , , ), which represents 𝑦𝑖 𝑝0𝑖 𝜇𝑖 ϕ
201 a mixture of beta and Bernoulli distributions defined as:
202 BeZI (𝑝0𝑖, 𝜇𝑖, ϕ) = { 𝑝0, 𝑦 = 0(1 ― 𝑝0)f(y; 𝜇, ϕ), 𝑦 ∈ (0,1)
203 The parameter is the probability of tree palms being absent from a location and ,  is the beta 𝑝0 𝑓(𝑦; 𝜇 ϕ)
204 density function of BApalm at locations where tree palms are present:  is the expected value and  is a 𝜇 ϕ
205 precision parameter (Ospina & Ferrari, 2010). For both components of the model (occurrence and relative 
206 basal area), we modeled the relationship between the response variable, y, at each location, i, including 
207 biogeographic realm as a random grouping variable, . We used the following model:𝑒𝑖
208 𝑦𝑖 ~ 𝛽0 + 𝛽1MAP|LGM - curr|𝑖 + 𝛽2DRY|LGM - curr|𝑖 + 𝛽3MAPcurr𝑖 + 𝛽4DRYcurr𝑖 + 𝛽5CEC𝑖 + 𝛽6WTD𝑖 + 𝛽7CH𝑖 + 𝛽8WD𝑖 + 𝛽9Area𝑖 + 𝑒𝑖
209 Where y is palm occurrence (for the Bernoulli part of the model) and BApalm (for the beta part of the 
210 model),  is the intercept, and the terms  and  correspond to the anomalies 𝛽0 MAP|LGM - curr|𝑖 DRY|LGM - curr|𝑖
211 between LGM and contemporary mean annual and dry quarter precipitation, respectively;  and MAPcurr𝑖
212  represent current climatological means for mean annual and dry quarter precipitation; , DRYcurr𝑖 CEC𝑖
213 ,  and  correspond to cation exchange capacity, water table depth, canopy height and CWM WTD𝑖 CH𝑖 WD𝑖
214 wood density, respectively. , corresponds to the sum of area sampled in component plots at location Area𝑖
215 i. We included the area term to account for possible correlation between area sampled and BApalm. Prior 
216 to fitting the model, we centered and scaled each predictor variable by subtracting its mean and dividing it 
217 by its standard deviation. This procedure facilitates model convergence and allows for the direct 
218 comparison of relative effect sizes across predictor variables (Gelman & Hill, 2006). The majority of model 
219 covariates were little correlated (Pearson's |r| < 0.3) but historical climate anomalies and current climate 
220 conditions were moderately correlated (Pearson's r = 0.47 - 0.71) (Table S1). Nonetheless, models fitted 
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221 separately with either historical climate anomalies or current climate conditions gave similar estimates for 
222 all parameters and we report results from the full model. We fitted models using STAN (Stan 
223 Development Team, 2016) via the 'brms' R package (Bürkner, 2017) and with default (uninformative) 
224 priors (see model code in Supplemental Materials). We used four chains with 1000 burn-in samples and 
225 1000 sampling iterations per chain. All parameters had  values <1.1, indicating successful convergence. R
226 Plots showing posterior distributions, trace plots, and a posterior predictive check are provided in the 
227 Supplemental Materials. We computed R2 of the model using the 'add_ic' function of the ‘brms’ R 
228 package. To evaluate spatial autocorrelation, we computed Moran’s I for model residuals using 
229 geographic coordinates of locations. Observed and expected values did not significantly differ (p = 0.83), 
230 indicating a lack of spatial autocorrelation among residuals. All analyses were conducted in R v 3.5.1.
231
232 Implications for above-ground biomass estimates
233 To quantify the magnitude of error introduced to estimations of above-ground biomass (AGB) if tree 
234 palms are pooled with other trees, we first used the geographically-based allometric equation (i.e. using 
235 the environmental factor, E) of Chave et al. (2014), implemented in the BIOMASS R package (Réjou-
236 Méchain et al., 2017) to estimate total AGB for each location (including tree palms and non-palm trees): 
237 AGBChave-only. Ideally, we could compare these estimates with values where tree palm biomass was 
238 calculated using species-specific allometric equations developed specifically for palms that include 
239 information on plant height (Feldpausch et al., 2012; Marshall et al., 2012). Unfortunately, allometric 
240 equations have not yet been developed for most palm species and most ground-based forest inventory 
241 datasets do not include height measurements. As an alternative, we calculated tree palm AGB using the 
242 family-level allometric equation (based on diameter only) from Goodman et al. (2013). We then added this 
243 value of tree palm AGB to non-palm tree AGB calculated with the Chave et al. (2014) method described 
244 above to arrive at a hybrid estimate of AGB for each location: AGBGoodman+Chave. We report the ratio of 
245 AGBGoodman+Chave:AGBChave-only as a step towards quantifying error in AGB estimates introduced by palms.
246
247 Effect of size threshold on tree palm abundance
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248 To examine how the 10 cm DBH threshold (commonly used by forest inventories) could affect 
249 conclusions about palm abundance patterns, we separately analyzed Alwyn Gentry's Transect data 
250 (Phillips & Miller, 2002) which includes all woody stems  2.5 cm DBH in 144 locations (0.1 ha each) 
251 distributed globally throughout the (sub)tropical moist broadleaf biome (Figure S2). For each transect, we 
252 compared BApalm (and RApalm) based on the full dataset (i.e., all stems  2.5 cm DBH, N = 80,712 
253 individual stems) and a subset of the data using a   10 cm DBH threshold (N = 16,665 individual stems).
254
255 RESULTS
256 Across all 842 locations, tree palms ( 10 cm DBH) accounted for a total of 20,029 out of 661,194 
257 individual stems (3%). The majority of tree palms (95%) belonged to 126 species and 71 genera 
258 (representing ~5% and ~39% of globally accepted palm species and genera, respectively). The remaining 
259 5% of tree palm individuals in our dataset were only identified to genus. Across all locations, tree palms 
260 accounted for about 1.4% of the total basal area sampled.
261 We found a striking pattern across biogeographical realms in terms of tree palm occurrence, 
262 relative basal area, and relative abundance (Figures 1B, 2). The proportion of locations where tree palms 
263 were recorded was, by far, highest in the Neotropics (84%) compared to any other realm (41% in 
264 Australasia/Oceania, 13% in Afrotropics, and 11% in IndoMalaya) (Figure 2A). On average, locations in 
265 the Neotropics had higher BApalm (5.5%) and RApalm (8.4%) than locations in all other realms (mean of 
266 BApalm across other realms ranged from 0.15-0.84%; Figure 2B). In other words, palms represent <5% of 
267 the total basal area for trees 10 cm DBH in 99% of the sampled locations outside of the Neotropics. 
268 Nonetheless, especially within the Neotropics, BApalm was highly variable, ranging globally from 0 to 60%.
269
270 Tree palm occurrence, abundance, and environmental conditions
271 Based on t-tests, there were some significant differences in environmental variables between locations 
272 where tree palms were present versus those where they were absent but these were not always 
273 consistent or significant across realms (Figure S3). For example, soil fertility (CEC) and palm occurrence 
274 were negatively associated among Neotropical locations and positively associated among Afrotropical 
275 locations. Palms were more likely to occur in locations with shallower water tables in Neotropical locations 
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276 and deeper water tables in IndoMalayan locations. Notably, tree palm occurrence was associated with 
277 higher dry season rainfall in all realms, although the relationship was not statistically significant in 
278 Australasia/Oceania. Results from the occurrence component of our zero-inflated model were partly 
279 consistent with results from the t-tests (Figure 3A). Specifically, palms were more likely to occur in 
280 locations with higher precipitation in the driest quarter and in locations with smaller anomalies between 
281 historic and contemporary dry season precipitation. Palms also tended to be recorded in locations with 
282 larger total area sampled.
283 In contrast, palm relative basal area (BApalm) was not significantly associated with either paleo-
284 climate stability or current precipitation in the driest quarter (Figure 3B, 4). However, BApalm was positively 
285 associated with current mean annual precipitation (Figure 3B, Figure 4C). There were also significant 
286 negative associations between BApalm and CEC (soil fertility), depth to water table, and CWM wood 
287 density (Figure 3B, Figure 4E-H). The relationships between BApalm and canopy height and area sampled 
288 were not statistically significant. Together, these results indicate that tree palms accounted for a greater 
289 proportion of total basal area in locations with lower soil fertility, closer access to groundwater, and lower 
290 CWM wood density. The R2 of the full model was 0.26 (95% CI's = 0.21-0.32; Table S2).
291
292 Implications for above-ground biomass estimates
293 As expected, the difference in AGB estimated by the two methods (AGBGoodman+Chave vs. AGBChave-only) 
294 increased with BApalm (Figure 5). However, the direction and magnitude of the change in AGB predictions 
295 were not consistent. For example, where palms accounted for > 10% of total basal area, the ratio of AGB 
296 calculated using the two methods ranged from 0.84 to 1.05. Notably, for non-Neotropical locations with 
297 BApalm >1%, values of AGBChave-only were always higher than AGBGoodman+Chave (Figure 5).
298
299 Effect of size threshold 
300 In total, 116 of the 144 Gentry transects considered included at least one palm. Across all transects and 
301 using a 2.5 cm DBH threshold, 4,502 palm individuals (from 177 species) accounted for 5.5% of the total 
302 individuals (80,712) and 2.8% of the total basal area. When using a 10 cm DBH threshold, there were 880 
303 palm individuals (from 76 species) that accounted for 5.3% of the total individuals (16,665) and 2.5% of 
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304 the total basal area. Among Neotropical transects, changing the size threshold from 2.5 to 10 cm DBH 
305 caused palm relative basal area (BApalm) to increase or decrease in 60% and 40% of the transects, 
306 respectively (Figure 6). In the other realms, however, BApalm increased in 16 out of 17 transects (94%) 
307 when stems down to 2.5 cm DBH were included. In fact, outside of the Neotropics, 53% of the transects 
308 with at least one palm present at the 2.5 cm DBH threshold had no palms recorded above the 10 cm DBH 
309 threshold. These results indicate that the majority of palm abundance in locations outside the Neotropics 
310 occurs in the 2.5-10 cm DBH size class. The different DBH thresholds changed the value of BApalm in 
311 each transect by up to 14% (Figure 6).
312
313 DISCUSSION
314 Patterns and drivers of tree palm abundance and diversity
315 Tree palms were clearly most abundant in Neotropical forests where they reached up to 60% of the total 
316 forest basal area and stem abundance. We consider these figures to be conservative estimates since we 
317 did not consider areas of tree palm monodominance, which will require a separate and focused treatment. 
318 Reinforcing prior work (e.g., Moore, 1973; Dransfield et al., 2008; ter Steege et al., 2013; ter Steege et al., 
319 2019), tree palms are particularly abundant components of forests in western Amazonia, which is also a 
320 hotspot of palm diversity (Svenning et al., 2008). In contrast, tree palms play a relatively minor role in 
321 terms of abundance in other biogeographic realms, especially the Afrotropics and IndoMalaya. Tree 
322 palms do, however, reach relatively high levels of relative abundance in some plots in Madagascar and 
323 on Australia's northeast coast (up to 14% of the total basal area) but these locations were exceptional in 
324 comparison to most locations in those realms.
325 In our study, local conditions including current climate, edaphic properties and proxies for 
326 turnover rates were more strongly related to tree palm abundance within biogeographical realms than our 
327 metrics of paleoclimate stability. In particular, tree palms had greater relative abundance in locations with 
328 higher mean annual rainfall, lower soil fertility, shallower water tables, and lighter CWM wood density. 
329 These results are broadly consistent with a number of previous studies at smaller spatial scales that have 
330 linked spatial distributions of palms to hydrology, edaphic conditions, and stand turnover rates (Svenning, 
331 2001; Costa et al., 2009; Eiserhardt et al., 2011; Emilio et al., 2014).
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332 Our finding that palms were relatively more abundant in locations with low soil fertility, shallow 
333 water tables, and lighter CWM wood density may reflect related underlying processes. For instance, 
334 Schietti et al. (2014) reported a strong relationship between water table depth and palm community 
335 composition in forests of central Brazilian Amazonia. Similarly, Castilho et al. (2006) found greater palm 
336 biomass in sites with poorly drained, sand-rich soils. Quesada et al. (2012) reported that forests with 
337 lighter CWM wood density are associated with shorter stem residency times and palms may be more 
338 likely to be abundant at sites that face more severe or frequent disturbances. In fact, some areas 
339 regularly exposed to wind disturbance, for example, show high levels of tree palm abundance (e.g., 
340 Caribbean islands, east coast of Australia). Emilio et al. (2014) linked palm abundance in Amazonian 
341 forests with aspects of soil structure, and suggested that edaphic properties like soil depth and texture 
342 may indirectly affect plant composition and abundance by influencing stem turnover rates. Additionally, 
343 CWM wood density is geographically structured in our dataset; locations in western Amazonia tend to 
344 have lighter CWM wood density than locations in eastern Amazonia, potentially reflecting gradients in 
345 drought and nutrient stress (ter Steege et al., 2006).
346 We hypothesized that long-term climatic conditions could also influence current patterns of tree 
347 palm abundance based on the climatic sensitivity of palms (Tomlinson, 2006; Reichgelt et al., 2018). In 
348 some respects, our results are broadly similar to global patterns of palm diversity (i.e., high diversity and 
349 relative abundance of tree palms in the Neotropics but not Afrotropics). However, variation of tree palm 
350 relative abundance within realms was not significantly related to the anomaly of either mean annual 
351 precipitation or dry season precipitation between the last glacial maximum (LGM, 21,000 years ago) and 
352 the current period. It appears that local environmental heterogeneity mediates palm relative abundance 
353 more strongly within biogeographical realms whereas legacy effects of paleoclimate may be more 
354 apparent at larger scales. Interestingly, paleoclimate stability (anomaly of dry quarter precipitation) was 
355 (negatively) associated with palm occurrence. We might generally expect abundance to exhibit less 
356 coupling to historical legacies than diversity given that species present in a locality have the potential to 
357 respond relatively rapidly to current environmental conditions through population growth. In other words, 
358 processes governing abundance likely occur along shorter time scales than processes affecting species 
359 richness (i.e., speciation, extinction, immigration).
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360 In this study, we were unable to directly assess the role of several potentially important drivers of 
361 palm abundance. First, humans have affected tropical landscapes for millennia (Roberts et al., 2017) and, 
362 especially given the many uses of palms (Cámara-Leret et al., 2017), past and recent human activity 
363 could influence observed contemporary patterns of palm abundance. Levis et al. (2017) showed that 
364 domesticated tree species, including several tree palms, were more abundant in forests near 
365 archaeological sites in Amazon forests, suggesting long-term human impacts on the composition and 
366 structure of tropical forests. In contrast, Piperno et al. (2019) reported a lack of evidence for ancient 
367 human impacts on palm abundance in Amazonian terra firme forests. Humans have clearly impacted 
368 forests in other biogeographic realms as well (Malhi et al., 2013; Hunt & Rabett, 2014; Roberts et al., 
369 2017).but we do not expect human activity to have altered the broad biogeographic patterns we report. 
370 The degree to which human activities impacted populations of palms and other trees requires more study.
371 Second, we cannot rule out that the historical presence or absence of certain palm lineages 
372 influences patterns of palm abundance. Palms display strong spatial phylogenetic structure (Kissling et 
373 al., 2012b; Fig. 7), showing that different regions are characterized by different lineages. If certain 
374 lineages have a particular tendency to evolve highly abundant tree palms, this could drive patterns like 
375 the ones observed here. For example, the palm tribes Euterpeae, Iriarteae, and Cocoseae, which include 
376 the most abundant palms in Amazonia (ter Steege et al., 2013) are absent outside the Neotropics (except 
377 for a few Attaleinae species in South Africa and Madagascar, which interestingly are not particularly 
378 abundant there). Also, non-human animal seed dispersers influence palm diversification and diversity via 
379 eco-evolutionary interactions (Onstein et al., 2017), and these mutualisms could also potentially influence 
380 contemporary palm abundance patterns. For instance, Onstein et al. (2018) argued that palms with 
381 megafaunal fruits (some of which could also be large tree palms) may have reduced abundance and 
382 increased extinctions due to the extinction of their megafaunal dispersers (also see Doughty et al., 2016). 
383 Quantifying these effects will require additional phylogenetic analyses, which will be attempted soon once 
384 a comprehensive species level phylogeny of the palm family is available.
385 Finally, our dataset does not include swamp habitats and some tree palms are known for forming 
386 monodominant stands, especially in swampy conditions associated with large carbon pools. For example, 
387 palm swamps in the Congo basin, Amazonia, and southeast Asia cover millions of hectares and store 
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388 huge amounts of biomass both above- and below-ground (Kahn & Mejia, 1990; Dargie et al., 2017). 
389 Better understanding of these unique habitats requires additional work; recent progress has been made 
390 using various remote sensing techniques (e.g., Dargie et al., 2017). 
391
392 Implications for above-ground biomass estimates
393 One motivation for our study was to better understand the potential error introduced to estimates of 
394 above-ground biomass (AGB) when tree palms are pooled with other trees. Specifically, standard 
395 allometric equations generated for trees that estimate AGB from stem diameter perform relatively poorly 
396 when estimating biomass for palms because, unlike other trees, diameter and height growth in palms are 
397 largely decoupled. The magnitude of error this introduces clearly depends, in part, on tree palm relative 
398 abundance. In our dataset, pooling tree palms with other trees added error to AGB estimates but the 
399 direction of the error was not consistent. Pooling palms with dicots most often led to an overestimation of 
400 AGB (compared to estimates based on using Goodman et al. (2013) family-level model for palms and 
401 dicot models of Chave et al. (2014) for non-palm trees). Variation in the magnitude and direction of these 
402 estimates emerged, in part, from the geographic variation in the Chave et al. (2014) equation. The 
403 differences in AGB estimates between the two methods used here (AGBGoodman+Chave and AGBChave-only) 
404 were < 1% in more than 90% of locations where BApalm was < 5%, indicating that error from palms is 
405 probably negligible when palms are minor components of total forest basal area. However, the difference 
406 between the two methods increases with BApalm and the difference ranged from -15 to 6% in our 
407 dataset. Future analyses using data on stem height are needed to refine these estimates and additional 
408 species- and region-specific palm allometric models will be important to improve AGB estimates in many 
409 Neotropical forests where tree palms are abundant.
410
411 Palm life forms and the effect of size threshold
412 To some extent, the patterns we report reflect these differences in palm life diversity across 
413 biogeographic realms. For example, clades that assume a climbing form (e.g., rattans in the subfamily 
414 Calamoideae) constitute a major component of palm diversity in the IndoMalayan and Australasian 
415 biogeographical realms (Couvreur et al., 2015). In the Neotropics, in contrast, many abundant palm 
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416 species grow as large canopy trees (e.g., Astrocaryum chambira, Euterpe precatoria, Iriartea deltoidea, 
417 Oenocarpus bataua), which are among the hyperdominant species of Amazonia (ter Steege et al., 2013). 
418 Meanwhile, understory species also comprise a large portion of palm diversity in the Neotropical, 
419 IndoMalayan, and Australasian biogeographical realms (e.g., Bactris and Geonoma species in Amazonia; 
420 Dypsis in Madagascar; Pinanga and Licuala in IndoMalaya, Pritchardia in parts of Oceania). 
421 Contrasting patterns of life form diversity influence the patterns of abundance we report since 
422 these forest inventory datasets we used focus on large (e.g., 10 cm) diameter trees. On one hand, plots 
423 censused with the size threshold are adequate to quantify important forest properties (Slik et al., 2013; 
424 Stephenson et al., 2014; Bastin et al., 2018; Lutz et al., 2018). For example, Lutz et al. (2018) showed 
425 that half the above-ground living biomass in a global dataset of forest plots was stored in the largest trees 
426 that made up 1% of the total stems. On the other hand, major components of biodiversity are neglected 
427 by using a size threshold of 10 cm DBH since a substantial amount of tropical rain forest diversity exists 
428 as understory and slender climbing plants (Cicuzza et al., 2013; Hubau et al., 2019). For palms, we 
429 estimate that ca. 40% of all species reach a diameter of 10 cm (Kissling et al., 2019) (Figure 7). The plot 
430 dataset we analyzed included a total of 126 palm species, which represent ca. 5% of the total known 
431 palm species and nearly 20% of the species known to reach 10 cm DBH. Meanwhile, lowering the 
432 diameter cut-off for the Gentry transect dataset from 10 cm to 2.5 cm resulted in the inclusion of 51 
433 additional palm species despite containing < 25% the number of palm individuals.
434 Our analysis of the Gentry transect data provides additional confirmation that biogeographical 
435 differences in palm life form diversity can affect the perception of palm abundance. For example, small 
436 diameter climbing palms are diverse and more common in IndoMalaya compared to arborescent palms 
437 (Couvreur et al., 2015). In fact, many IndoMalayan palm species (e.g., rattans) are unlikely to reach even 
438 the 2.5 cm DBH used by Gentry; a major part of palm diversity in the IndoMalayan realm is contributed by 
439 the subfamily Calamoideae, which comprises mostly climbers. Notably, acaulescent (or stemless) palms 
440 can also be common in Neotropical forests. Overall, a comprehensive understanding of abundance of 
441 palms across the entire phylogenetic tree will require additional data that includes small size classes and 
442 different life forms.
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443 We propose several additional potential reasons for generally low tree palm abundance in the 
444 Afrotropics and IndoMalaya in addition to the differences in life forms described above. The first may be 
445 related to the generally tall forest canopies in these realms, especially IndoMalaya, compared to the 
446 Neotropics (Banin et al., 2014). If arborescent palms in these regions do not grow tall enough to reach the 
447 top of the canopy, then a wide stem may not represent a feasible strategy. These conditions may favor 
448 the evolution of alternative life forms, including climbers (Couvreur et al., 2015). In fact, Couvreur et al. 
449 (2015) reported a link between diversification of the climbing life form in palms and forest canopy height. 
450 Additional synthetic work integrating abundance patterns with evolutionary drivers of palm life form 
451 variation could be a fruitful research avenue. Second, for IndoMalaya, we note that dry quarter 
452 precipitation is greater in locati ns with palms than in locations where palms were absent (Fig S2D). On 
453 average, locations in this realm without palms have only ~50 mm rain during the driest quarter while sites 
454 with palms have >100 mm. It is possible that minimum monthly rainfall generally limits palm occurrence in 
455 many areas that have months of rainfall < 100 mm, which includes much of mainland SE Asia.
456
457 Conclusions and future directions
458 The results of our first ever global analysis of tree palm abundance show that tree palms are not just 
459 quintessentially tropical, but they are overwhelmingly Neotropical. Although paleoclimate conditions 
460 appear to have a strong influence on global palm diversity, tree palm relative abundance was more 
461 strongly related to current ecological conditions, and tree palm abundance patterns may be particularly 
462 sensitive to future climate change. Future research should focus on specific drivers (and interactions 
463 among drivers) linked to tree palm abundance within biogeographical realms. We suggest that stronger 
464 consideration of the influence of palms can reduce uncertainty in biomass estimates. Especially in the 
465 Neotropics, improving our understanding of carbon cycling will require additional fieldwork to measure 
466 palm height and develop new allometric equations for palms. High tree palm relative abundance in 
467 locations with low average wood density (presumably, high-turnover forests) may also dramatically impact 
468 estimates of forest productivity since measurements of palm height growth are typically neglected. We 
469 also show that understanding general patterns of abundance across the entire palm family will require 
470 additional work to understand macroevolutionary drivers of palm life form diversity. Finally, our study 
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471 illustrates the synergistic research potential of large data sharing networks such as PPBio, 
472 ForestPlots.net, RAINFOR, and AfriTRON (Lopez-Gonzalez et al., 2009; Lopez-Gonzalez et al., 2011; 
473 Lewis et al., 2013). Besides storing and organizing data to facilitate analyses such as the ones presented 
474 here, these networks help enable the entire research chain (from seeking field funding, fieldwork, 
475 developing protocols, allometries, collaborations, training, database design, quality control). Networks 
476 such as these are essential for conducting broad scale and data-rich analyses. As development of these 
477 networks continues, it will be especially useful if they are even denser than today and even more 
478 balanced in terms of biomes, biogeographical realms, and natural and disturbed sites.
479
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692 FIGURES
693 Figure 1. (A) Locations of study plots colored to reflect four biogeographical realms. Total number of locations is given along with the total area 
694 (ha) sampled in each realm. (B) Tree palm relative basal area (BApalm) in each location (where 'tree palms' are defined as palms that reach 10 cm 
695 DBH, and thus included in typical forest inventory plots). Locations without tree palms present are shown as blue crosses. Red circles represent 
696 plots with tree palms present and circle size is proportional to the BApalm at that location.
697
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699 Figure 2. (A) Percentage of locations in each realm where tree palms (10 cm DBH) are present. Text on bars show numbers of locations with 
700 tree palms, total number of locations, and total area (ha) sampled. (B) Relative basal area of tree palms (BApalm, %, shown on a log10 scale) in 
701 each realm among locations where at least one tree palm was present. Circles show data for individual locations with size proportional to the 
702 location sample area. The dotted horizontal line is a reference line delineating 5% relative tree palm basal area. In boxplots, the bold horizontal 
703 line indicates the median, top and bottom edges of the boxes reflect the 1st and 3rd quartiles, respectively, whiskers extend to the most extreme 
704 data point which is no more than 1.5 times the interquartile range. Circles show the values for individual locations. 
705
706
707
708
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709 Figure 3. Standardized effect size (estimated coefficients) with 95% and 90% credible intervals (thinner and thicker lines, respectively) for 
710 variables explaining (A) palm occurrence and (B) relative palm basal area (BApalm). For visualization, estimated coefficients in (A) were multiplied 
711 by -1 to allow a more intuitive interpretation (i.e., so they correspond with the probability of palms being present rather than absent). Points 
712 represent median values of posterior distributions and are filled when 95% credible intervals do not overlap zero. See Supplemental Materials for 
713 full posterior parameter distributions. Mean annual precipitation anomaly and driest quarter precipitation anomaly refer to the absolute difference 
714 between the last glacial maximum (21,000 years ago) and modern climatological averages (1979-2013) for each of those climate variables, 
715 respectively. CWM wood density refers to the basal area-weighted mean wood density value among non-palm trees recorded in each location.
716
717
718
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719 Figure 4. Bivariate plots of tree palm relative basal area (BApalm, %, shown on a log10 scale) versus environmental covariates for locations in four 
720 biogeographical realms. The + symbols along the x-axis represent locations without tree palms recorded; symbol size is proportional to the sample 
721 area of the location. Covariates with significant effects (i.e., 95% CI’s did not overlap zero) are indicated with an asterisk (*) and fitted slopes are 
722 shown; covariates with non-significant effects are indicated with NS. Mean annual precipitation anomaly and driest quarter precipitation anomaly 
723 refer to the absolute difference between the last glacial maximum (21,000 years ago) and modern climatological averages (1979-2013) for each of 
724 those climate variables, respectively. CWM wood density refers to the basal area-weighted mean wood density value among non-palm trees 
725 recorded in each location.
726
Page 44 of 108Global Ecology and Biogeography
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
31
727 Figure 5. Palm relative basal area (BApalm, %, shown on a log10 scale) versus the ratio of estimated total 
728 above-ground biomass (AGB) in each location calculated using the family-level (diameter-only) equation 
729 from Goodman et al. (2013) for palms and the Chave et al. (2014) equation for trees (AGBGoodman+Chave) 
730 versus total AGB when palms are treated as trees using the equations of Chave et al. (2014) (AGBChave-
731 only). Values on the y-axis < 1 indicate that using the Goodman et al. (2013) equation for palms leads to a 
732 decrease of the estimated plot-level biomass, and vice versa.
733
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734 Figure 6. Effect of size threshold on palm abundance. Difference of BApalm (%) for 116 Gentry transects 
735 when using a 2.5 cm versus 10 cm DBH size threshold. Each bar represents one transect where at least 
736 one palm was present.  Positive values indicate that BApalm was higher when stems down to 2.5 cm DBH 
737 were included, and vice versa. Asterisks indicate transects where palms were recorded in the 2.5 cm 
738 DBH data but absent from the 10 cm DBH data.  The inset shows the percent of transects where palms 
739 were present with a 2.5 cm DBH threshold and absent at the 10 cm DBH threshold.
740
741
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742 Figure 7. Phylogeny of palms (Faurby et al., 2016) showing the presence (in bold color) or absence (faint color) for each species in each 
743 biogeographical realm based on the world checklist of palms (WCSP, 2017) in the 'level 3' geographic units defined by the International Working 
744 Group on Taxonomic Databases (TDWG; Brummitt, 2001) and biogeographic realms defined by Olson et al. (2004). The outermost ring is black 
745 for species known to reach a maximum DBH  10 cm ('tree palms' in this study), grey for species with maximum DBH < 10 cm, and white for 
746 species for which maximum DBH information was not available (28%) (Kissling et al., 2019).
747
748
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GLOBAL VARIATION OF TREE PALM ABUNDANCE
Supplemental Materials
Table S1. Table of covariate correlation values.
Table S2. Summary table of model results.
Table S3. Summary table of model results for group-level parameters.
Figure S1. Distribution of environmental conditions in study locations of five biogeographical realms. 
Figure S2. Analysis of the Gentry transect data.
Figure S3. Environmental conditions in five biogeographical realms in locations where palms are present 
or absent.
Figure S4. Patterns of palm relative abundance for comparison with results based on relative basal area 
in the main text
Figure S5. Posterior density plots and trace plots of model parameters.
Figure S6. Posterior predictive check plot.
Appendix 1. R code used for regression analyses.
Page 48 of 108Global Ecology and Biogeography
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Table S1. Correlations (Pearson's r) between covariates. Abbreviations are: MAP_anom and DRY_anom 
= anomaly between the last glacial maximum and modern climatological average of mean annual 
precipitation (mm yr-1) and precipitation in the driest quarter (mm quarter-1), respectively; MAP = mean 
annual precipitation (mm yr-1); DRY_PPT = precipitation in the driest quarter (mm quarter-1); CEC = 
extracted cation exchange capacity (cmol+/kg); WTD = depth to water table (m); HT95 = the 95th 
percentile of estimated tree height; CWMwd = basal-area weighted mean (CWM) wood density.
MAP_anom DRY_anom MAP DRY_PPT CEC WTD HT95
DRY_anom 0.47 - - - - - -
MAP 0.71 0.37 - - - - -
DRY_PPT 0.39 0.9 0.49 - - - -
CEC 0.11 0.14 0.12 0.1 - - -
WTD -0.02 0.01 -0.08 -0.05 0.2 - -
HT95 0.25 0.22 0.28 0.22 -0.22 -0.13 -
CWMwd -0.03 -0.08 -0.02 -0.05 -0.31 -0.10 0.10
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Table S2. Summary of estimated parameters.
Model 
part Parameter
Parameter 
abbreviation 
in model 
code
2.5%
Median 
Posterior 
Estimate
97.5%
Bernoulli [zi] Intercept -- -1.74 0.50 2.61
Bernoulli
[zi] LGM-current 
anomaly of mean 
annual precipitation
map_anom.z -0.31 -0.10 0.11
Bernoulli
[zi] LGM-current 
anomaly of 
precipitation in the 
driest quarter
dry_anom.z -0.27 0.15 0.52
Bernoulli [zi] Mean annual precipitation map.z 0.02 0.25 0.46
Bernoulli [zi] Precipitation in the driest quarter dry.z -0.52 -0.18 0.17
Bernoulli [zi] Cation exchange capacity cec.z -0.29 -0.18 -0.07
Bernoulli [zi] Depth to water table wtd.z -0.23 -0.12 -0.02
Bernoulli [zi] Canopy height Ht95.z -0.25 -0.10 0.06
Bernoulli [zi] CWM wood density cwmwd.z -0.50 -0.38 -0.26
Bernoulli [zi] Area area.z -0.21 -0.08 0.02
Beta Intercept -- -4.61 -3.42 -2.28
Beta
LGM-current anomaly 
of mean annual 
precipitation
map_anom.z -0.74 -0.36 0.02
Beta
LGM-current anomaly 
of precipitation in the 
driest quarter
dry_anom.z 0.10 0.64 1.21
Beta Mean annual precipitation map.z -0.54 -0.17 0.23
Beta Precipitation in the driest quarter dry.z -1.39 -0.82 -0.27
Beta Cation exchange capacity cec.z -0.15 0.11 0.36
Beta Depth to water table wtd.z -0.21 -0.01 0.20
Beta Canopy height Ht95.z -0.26 0.02 0.30
Beta CWM wood density cwmwd.z -0.34 -0.12 0.12
Beta Area area.z -0.43 -0.22 -0.02
Page 50 of 108Global Ecology and Biogeography
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Table S3. Summary of group-level parameters.
Realm Parameter 2.5%
Median 
Posterior 
Estimate
97.5%
Neotropics Intercept (beta) -0.42 0.74 1.93
Afrotropics Intercept (beta) -1.43 -0.2 1.02
IndoMalaya Intercept (beta) -1.34 -0.18 0.98
Australasia Intercept (beta) -1.66 -0.41 0.74
Neotropics Intercept (Bernoulli) -4.5 -2.36 -0.13
Afrotropics Intercept (Bernoulli) -0.59 1.57 3.8
IndoMalaya Intercept (Bernoulli) -0.18 2.02 4.27
Australasia Intercept (Bernoulli) -2.45 -0.25 2.03
-- sd(Intercept) 0.32 0.96 2.89
-- sd(zi_Intercept) 3.01 1.21 7.49
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Figure S1. (A-Y) The distribution of environmental conditions in study locations of five biogeographical 
realms (Australasia and Oceania are separated here for visualization but pooled for the main analyses). 
Colored points show values at study locations; the two black contour lines show the 0.95 and 0.75 
quantiles after kernel smoothing of values at 10,000 random background points in the parts of each 
biogeographical realm identified as (sub)tropical moist broadleaf forest biome. Panels (P-T) show 
histograms of canopy height for each location as estimated using the individual stem data and panels (U-
Y) show histograms of community-mean wood density for each location as calculated by species relative 
basal area and species-mean wood density values.
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Figure S2. Analysis of the Gentry transect data. (A) Locations of 144 Gentry Transects (Phillips & Miller, 
2002) used to evaluate the effect of size threshold on palm abundance patterns. Relative basal area of 
palms versus all wood stems in transects when considering stems (B) 10 cm DBH or (C) 2.5 cm DBH. 
Transects without palms present are shown as blue crosses. Red circles represent plots with palms 
present and circle size is proportional to the relative basal area of palms at that location.
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Figure S3. Environmental conditions in five biogeographical realms in plots where palms (10 cm DBH) 
are absent (–) or present (+). Significant differences (i.e., t-test p-value <0.05) between locations where 
palms are present or absent (within realms) are shown with an ' * ' along the x-axis. All variables (except 
for CWM wood density) were log-transformed prior to analysis. The two-letter codes below the x-axis 
represent biogeographical realms (NT=Neotropics, AT=Afrotropics, IM=IndoMalaya, 
AA/OC=Australasia/Oceania,). (A) Anomaly of mean annual precipitation between the LGM and current 
climatological average (log10 mm yr-1), (B) Anomaly of precipitation in the driest quarter between the LGM 
and current climatological average (log10 mm quarter-1), (D) Mean annual precipitation (log10 mm yr-1), (D) 
Precipitation in the driest quarter (log10 mm quarter-1), (E) Cation exchange capacity (CEC; cmol+ kg-1) 
extracted from SoilGrids (soilgrids.org), (F) Depth to water table (m), (G) Canopy height estimated by 
taking the 95th percentile of estimated tree heights at each location, and (H) abundance-weighted 
community-mean wood density (g cm-3). See main text for details on covariate data sources. The boxplot 
features are based on default arguments for the boxplot function in R (R Development Core Team, 2018): 
bold horizontal line indicates the median, top and bottom edges of boxes reflect the first and third 
quartiles, respectively, whiskers extend to the most extreme data point which is no more than 1.5 times 
the interquartile range, and points are outliers beyond this limit.
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Figure S4. (A) Palm relative abundance (RApalm) in each location. Locations without palms present are 
shown as blue crosses. Red circles represent plots with palms present and circle size is proportional to 
the relative abundance of palms at that location. For comparison with relative basal area in Figure 1B of 
main text. (B) Relative abundance of palms in each location versus relative basal area of palms in each 
location. Point colors refer to biogeographical realms and point size is proportional to area sampled in 
each location. (C) Relative abundance of palms (%, shown on a log10 scale) in each realm among 
locations where at least one palm was present. Circles show data for individual locations with size 
proportional to the location sample area. The dotted horizontal line is a reference line delineating 5% 
relative palm abundance. In boxplots, the bold horizontal line indicates the median, top and bottom edges 
of the boxes reflect the 1st and 3rd quartiles, respectively, whiskers extend to the most extreme data point 
which is no more than 1.5 times the interquartile range. Circles show the values for individual locations.
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Figure S5. Posterior density plots and trace plots of model parameters. Refer to Table S2 for 
abbreviations of parameter names.
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Figure S6. Posterior predictive check comparing distribution of observed palm relative basal area 
(BApalm) and distributions from 100 simulated datasets.  Plot generated with the ‘pp_check’ function in 
the ‘brms’ R package.
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Appendix 1. R code used for regression analyses.
# Zero-inflated beta model for BApalm and environmental covariates
fit_zib0 <- brms::brm(bf(palmrba ~ map_anom.z + dry_anom.z +
                             map.z + dry.z + cec.z + 
                             wtd.z + ht95.z + cwmwd_nopalm.z + area.z
                           + (1|realm),
                           zi ~ map_anom.z + dry_anom.z +
                             map.z + dry.z + cec.z + 
                             wtd.z + ht95.z + cwmwd_nopalm.z + area.z
                           + (1|realm)), 
                        data=d, family=zero_inflated_beta(), 
                        inits="random", iter=2000, cores=4, chains=4, 
                        control=list(adapt_delta=0.95))
# Compute R2 for models
fit_zib0 <- add_ic(fit_zib0, ic='R2')
# Generate plot of posterior predictive check
pp_check(fit_zib0, nsamples=100)
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Location PlotArea Palm_rBA Palm_rA MeanAnnPPT_AnomDryQrtPPT_Anom
Afrotropics_1 0.44 0.022 0.081 80 63
Afrotropics_2 0.36 0 0 11 16
Afrotropics_3 0.56 0.011 0.053 60 48
Afrotropics_4 1.16 0.022 0.047 105 16
Afrotropics_5 0.1 0 0 111 8
Afrotropics_6 0.28 0.004 0.003 65 6
Afrotropics_7 4 0 0 214 19
Afrotropics_8 16 0 0 229 19
Afrotropics_9 4 0 0 290 20
Afrotropics_10 2 0 0 1127 14
Afrotropics_11 2 0 0 836 9
Afrotropics_12 2 0 0 208 3
Afrotropics_13 2 0 0 680 12
Afrotropics_14 2 0 0 1117 14
Afrotropics_15 1 0 0.001 97 3
Afrotropics_16 2 0 0 208 8
Afrotropics_17 2 0 0 205 2
Afrotropics_18 2 0 0 1156 17
Afrotropics_19 1 0 0.001 1 0
Afrotropics_20 1 0 0 79 7
Afrotropics_21 3 0 0 75 8
Afrotropics_22 2 0 0 686 7
Afrotropics_23 0.1 0 0 421 20
Afrotropics_24 20 0 0 8 15
Afrotropics_25 0.062 0 0 383 30
Afrotropics_26 0.312 0 0 7 12
Afrotropics_27 0.188 0 0 332 34
Afrotropics_28 0.438 0 0 90 1
Afrotropics_29 0.062 0 0 250 27
Afrotropics_30 0.062 0 0 118 18
Afrotropics_31 1 0.015 0.015 164 15
Afrotropics_32 0.188 0 0 367 41
Afrotropics_33 0.188 0 0 462 44
Afrotropics_34 2.96 0 0 271 12
Afrotropics_35 0.25 0 0 406 40
Afrotropics_36 0.25 0 0 489 48
Afrotropics_37 0.125 0 0 619 59
Afrotropics_38 1 0.034 0.03 210 14
Afrotropics_39 7 0.005 0.003 988 19
Afrotropics_40 0.312 0 0 379 38
Afrotropics_41 1 0.004 0.002 269 19
Afrotropics_42 0.1 0 0 140.3 2
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Afrotropics_43 0.1 0.001 0.016 1062 3
Afrotropics_44 1 0 0 422 3
Afrotropics_45 1 0 0 248 4
Afrotropics_46 3 0 0 321 4
Afrotropics_47 2.5 0 0 242 8
Afrotropics_48 0.5 0 0 252 11
Afrotropics_49 0.5 0 0 300 12
Afrotropics_50 1 0 0 36 3
Afrotropics_51 3 0 0 66.7 28
Afrotropics_52 0.5 0 0 37 5
Afrotropics_53 19 0.002 0.002 340 29
Afrotropics_54 0.5 0 0 36 4
Afrotropics_55 1 0 0 313 12
Afrotropics_56 1 0 0 54 7
Afrotropics_57 0.2 0 0 550 61
Afrotropics_58 0.3 0 0 2.7 5
Afrotropics_59 0.1 0 0 275 10
Afrotropics_60 0.4 0.002 0.009 664 78
Afrotropics_61 0.3 0 0 28 7
Afrotropics_62 1.3 0 0 559.7 81
Afrotropics_63 0.1 0 0 8 8
Afrotropics_64 0.1 0 0 552 54
Afrotropics_65 0.4 0.015 0.023 760 93
Afrotropics_66 0.3 0 0 158 34
Afrotropics_67 0.1 0 0 353 48
Afrotropics_68 0.4 0 0 315 41
Afrotropics_69 0.2 0 0 6 12
Afrotropics_70 0.1 0 0 132 21
Afrotropics_71 2 0 0 93 1
Afrotropics_72 1 0 0 96 3
Afrotropics_73 0.3 0 0 609 83
Afrotropics_74 0.1 0 0 100 25
Afrotropics_75 0.1 0 0 287 44
Afrotropics_76 0.1 0 0 136 10
Afrotropics_77 0.4 0 0 81 5
Afrotropics_78 0.1 0 0 257 36
Afrotropics_79 0.1 0 0 751 101
Afrotropics_80 0.2 0 0 732 99
Afrotropics_81 0.1 0 0 763 98
Afrotropics_82 0.2 0 0 163 29
Afrotropics_83 0.7 0 0 361 22
Afrotropics_84 0.5 0 0 531 75
Afrotropics_85 0.1 0 0 417 39
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Afrotropics_86 0.1 0 0 7 3
Afrotropics_87 0.1 0 0 125 24
Afrotropics_88 1.1 0 0 665 86
Afrotropics_89 1 0 0 411 29
Afrotropics_90 0.1 0 0 501 62
Afrotropics_91 0.1 0 0 863 82
Afrotropics_92 0.3 0 0 616 70
Afrotropics_93 0.4 0.001 0.011 152 16
Afrotropics_94 0.1 0 0 223 23
Afrotropics_95 0.1 0 0 238 21
Afrotropics_96 2.1 0 0 196 11
Afrotropics_97 7 0 0 253 18
Afrotropics_98 9 0 0 150 13
Afrotropics_99 1 0 0 59 2
Afrotropics_100 1 0.009 0.014 635 18
Afrotropics_101 1.3 0 0 538 12
Afrotropics_102 0.6 0 0 715 11
Afrotropics_103 0.2 0 0 245 30
Afrotropics_104 0.9 0 0 634 17
Afrotropics_105 0.5 0 0 514 13
Afrotropics_106 0.1 0 0 64 50
Afrotropics_107 0.1 0 0 109 35
Afrotropics_108 0.1 0 0 80 27
Afrotropics_109 3 0 0 183 23
Afrotropics_110 1.5 0 0 617 2
Afrotropics_111 0.4 0 0 519 7
Afrotropics_112 0.1 0 0 433 16
Afrotropics_113 0.3 0 0 674 4
Afrotropics_114 0.1 0 0 688 4
Afrotropics_115 0.4 0.037 0.087 278 27
Afrotropics_116 0.5 0.002 0.013 237 27
Afrotropics_117 2 0 0 272 26
Afrotropics_118 3 0 0 116 4
Afrotropics_119 0.5 0 0 85 15
Afrotropics_120 1 0 0 30 23
Afrotropics_121 3 0 0 567 6
Afrotropics_122 0.25 0 0 115 17
Afrotropics_123 0.44 0 0 86 23
Afrotropics_124 0.5 0 0 20 6
Afrotropics_125 1.44 0 0 55 16
Afrotropics_126 2 0 0 30 30
Afrotropics_127 2 0 0 2 8
Afrotropics_128 0.1 0 0 27 10
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Afrotropics_129 1 0 0 249 22
Afrotropics_130 2.5 0 0 182 9
Afrotropics_131 3 0 0 123 16
Afrotropics_132 2 0 0 106 9
Afrotropics_133 2 0 0 176 9
Afrotropics_134 1 0 0 535 4
Afrotropics_135 1 0 0 324 19
Afrotropics_136 1 0 0 675 24
Afrotropics_137 2.5 0 0 140 17
Afrotropics_138 0.2 0 0 39 6
Afrotropics_139 4 0 0 57 31
Afrotropics_140 2 0 0 517 1
Afrotropics_141 0.3 0 0 627 23
Afrotropics_142 2.5 0 0 36 14
Afrotropics_143 1 0 0 50 6
Afrotropics_144 2.5 0 0 99 14
Afrotropics_145 12 0 0 39 27
Afrotropics_146 3 0 0 47 25
Afrotropics_147 2 0 0 225 2
Afrotropics_148 2 0 0 429 5
Afrotropics_149 7.5 0 0 98 3
Afrotropics_150 1 0 0 173 5
Afrotropics_151 2.5 0 0 235 5
Afrotropics_152 2.5 0 0 30 2
Afrotropics_153 5 0 0 468 19
Afrotropics_154 5 0 0 364 8
Afrotropics_155 2 0 0 63 9
Afrotropics_156 2.5 0 0 129 3
Afrotropics_157 2.5 0 0 304 2
Afrotropics_158 1 0 0 24 2
Afrotropics_159 1 0 0 29 1
Afrotropics_160 1 0 0 63 7
Afrotropics_161 1 0 0 84 21
Afrotropics_162 0.4 0 0 771 6
Afrotropics_163 9 0 0 44 42
Afrotropics_164 0.4 0 0 126 4
Afrotropics_165 1 0 0 260 2
Afrotropics_166 1 0 0 416 5
Afrotropics_167 0.25 0 0 277 41
Afrotropics_168 0.76 0 0 803 62
Afrotropics_169 0.752 0 0 643 63
Afrotropics_170 0.25 0 0 540 60
Afrotropics_171 0.75 0 0 670 61
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Afrotropics_172 0.25 0 0 337 44
Afrotropics_173 0.5 0 0 414 43
Afrotropics_174 0.508 0 0 435 46
Afrotropics_175 0.4 0 0 80 13
Afrotropics_176 0.4 0 0 133 14
Afrotropics_177 1 0 0 285 45
Afrotropics_178 3 0 0 326 49
Afrotropics_179 0.6 0 0 249 34
Afrotropics_180 1 0 0 582 82
Afrotropics_181 4 0 0 432 48
Afrotropics_182 0.4 0 0 43 3
Afrotropics_183 1.2 0 0 158 7
Afrotropics_184 0.1 0 0 364 46
Afrotropics_185 0.1 0 0 316 30
Afrotropics_186 0.32 0 0 55 10
Afrotropics_187 0.2 0 0 151 23
Afrotropics_188 0.4 0 0 130 27
Afrotropics_189 0.4 0 0 131 2
Afrotropics_190 0.1 0.004 0.011 373 50
Afrotropics_191 0.36 0 0 10 3
Afrotropics_192 0.1 0.067 0.017 428 70
Afrotropics_193 0.1 0 0 283 34
Afrotropics_194 1 0 0 406 47
Afrotropics_195 1 0.001 0.001 571 60
Afrotropics_196 1 0.023 0.044 440 51
Afrotropics_197 1 0.001 0.002 376 44
Afrotropics_198 1 0.001 0.002 463 54
Afrotropics_199 1 0.022 0.013 409 48
Australasia_1 0.48 0 0 1143 211
Australasia_2 0.72 0.001 0.003 1027 171
Australasia_3 0.24 0.001 0.006 1043 175
Australasia_4 1.44 0.002 0.009 164 26
Australasia_5 0.48 0.003 0.013 194 72
Australasia_6 0.72 0 0 1021 130
Australasia_7 0.24 0.001 0.006 595 92
Australasia_8 0.48 0 0 746.7 162
Australasia_9 0.24 0.049 0.134 270.7 150
Australasia_10 0.072 0 0 957 219
Australasia_11 0.373 0.001 0.01 985 248
Australasia_12 0.237 0 0 986 248
Australasia_13 0.163 0.029 0.075 1267 245
Australasia_14 0.076 0 0 988 191
Australasia_15 0.174 0 0 1185 219
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Australasia_16 0.1 0.004 0.037 95.7 178
Australasia_17 0.25 0 0 873 4
Australasia_18 0.5 0 0 924.3 2
Australasia_19 1 0.012 0.011 502.3 6
Australasia_20 0.1 0.005 0.011 322 13
Australasia_21 0.505 0.003 0.019 758 70
Australasia_22 0.524 0 0 227 23
Australasia_23 0.508 0 0 337 29
Australasia_24 0.524 0 0 383 28
Australasia_25 0.54 0.004 0.02 317 27
Australasia_26 0.51 0.001 0.002 299 20
Australasia_27 0.51 0.103 0.31 124 19
Australasia_28 2.615 0 0.001 64 21
Australasia_29 0.506 0 0 83 42
Australasia_30 0.527 0 0 1381 145
Australasia_31 0.518 0 0 147 65
Australasia_32 0.524 0 0 587 119
Australasia_33 0.524 0.001 0.011 1263 174
Australasia_34 1 0 0 352 74
Australasia_35 0.524 0 0 72 18
Australasia_36 0.517 0.139 0.464 45 6
Australasia_37 0.1 0.005 0.017 217 1
IndoMalay_1 0.75 0 0 910.3 106
IndoMalay_2 1 0 0 713.3 228
IndoMalay_3 2.16 0 0 1258.3 69
IndoMalay_4 0.75 0 0 1561.3 126
IndoMalay_5 0.5 0 0 794.3 29
IndoMalay_6 0.2 0 0 209 17
IndoMalay_7 0.2 0 0 145 6
IndoMalay_8 1 0 0 62 2
IndoMalay_9 0.1 0 0 128 49
IndoMalay_10 0.2 0 0 28 8
IndoMalay_11 0.1 0 0 153 36
IndoMalay_12 0.1 0 0 230 30
IndoMalay_13 0.1 0 0 158 25
IndoMalay_14 0.1 0 0 54 34
IndoMalay_15 0.1 0 0 440 43
IndoMalay_16 0.1 0 0 312 10
IndoMalay_17 1.1 0 0 72 10
IndoMalay_18 0.04 0 0 592.3 13
IndoMalay_19 0.04 0 0 156.3 10
IndoMalay_20 0.12 0 0 295.3 10
IndoMalay_21 0.12 0 0 96 7
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IndoMalay_22 0.36 0 0 252 8
IndoMalay_23 0.04 0 0 71.7 8
IndoMalay_24 0.68 0 0 585.3 13
IndoMalay_25 0.12 0 0 298.3 9
IndoMalay_26 1 0 0 144.3 8
IndoMalay_27 0.48 0 0 127 6
IndoMalay_28 0.04 0 0 234.3 10
IndoMalay_29 0.08 0 0 133 7
IndoMalay_30 0.04 0 0 114.7 8
IndoMalay_31 0.04 0 0 284 4
IndoMalay_32 0.1 0 0 445 25
IndoMalay_33 1.8 0 0 477 4
IndoMalay_34 1.96 0 0 405 2
IndoMalay_35 2 0 0 252 24
IndoMalay_36 1 0 0 650 31
IndoMalay_37 3 0 0 253 17
IndoMalay_38 0.1 0.002 0.006 633 91
IndoMalay_39 1 0 0 342 10
IndoMalay_40 0.1 0 0 567 82
IndoMalay_41 0.75 0 0 144 8
IndoMalay_42 0.25 0 0 301 17
IndoMalay_43 1.979 0 0 138 1
IndoMalay_44 0.565 0 0 202 8
IndoMalay_45 1 0 0.002 317 17
IndoMalay_46 0.848 0 0 156 10
IndoMalay_47 0.283 0 0 54 4
IndoMalay_48 1 0 0 358 18
IndoMalay_49 0.45 0 0 373 17
IndoMalay_50 1 0 0 4 7
IndoMalay_51 2 0 0 221 17
IndoMalay_52 3 0 0 160 10
IndoMalay_53 1 0 0 585 13
IndoMalay_54 0.08 0 0 269 9
IndoMalay_55 0.04 0 0 271 7
IndoMalay_56 0.04 0 0 280 19
IndoMalay_57 0.12 0 0 211 8
IndoMalay_58 0.04 0 0 361 24
IndoMalay_59 0.04 0 0 309 17
IndoMalay_60 1 0.001 0.001 222 14
IndoMalay_61 3 0.006 0.006 634 23
IndoMalay_62 0.188 0 0 1152 0
IndoMalay_63 0.1 0 0 123 30
IndoMalay_64 0.1 0.078 0.09 56 19
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IndoMalay_65 0.1 0 0 50 23
IndoMalay_66 1.5 0 0 241 8
IndoMalay_67 2.75 0 0 236 9
IndoMalay_68 0.1 0 0 56 19
IndoMalay_69 2 0 0 103 8
IndoMalay_70 0.25 0 0 470 3
IndoMalay_71 0.25 0 0 180 2
IndoMalay_72 1.25 0 0 278 5
IndoMalay_73 0.188 0 0 813 1
IndoMalay_74 0.1 0.004 0.022 NA NA
IndoMalay_75 0.125 0 0 992 1
IndoMalay_76 0.125 0 0 2113 0
IndoMalay_77 0.188 0 0 1943 2
IndoMalay_78 0.188 0 0 1672 2
IndoMalay_79 1.2 0 0 290 2
IndoMalay_80 4 0.019 0.039 710 1
IndoMalay_81 1 0 0 503 5
IndoMalay_82 0.88 0 0.003 1294 1
IndoMalay_83 0.32 0 0 1334 1
IndoMalay_84 0.375 0 0 215 0
IndoMalay_85 0.125 0 0 568.3 0
IndoMalay_86 0.312 0.016 0.014 1137.3 0
IndoMalay_87 0.312 0 0 1351 0
IndoMalay_88 0.062 0 0 951 0
IndoMalay_89 0.16 0 0 583.3 1
IndoMalay_90 0.16 0.01 0.015 1181.3 0
IndoMalay_91 0.16 0 0 86.7 0
IndoMalay_92 0.48 0.005 0.012 1912.3 1
IndoMalay_93 0.16 0.013 0.038 1511 1
IndoMalay_94 0.125 0 0 3289 0
IndoMalay_95 0.25 0 0 3014.3 0
IndoMalay_96 0.1 0 0 240 2
IndoMalay_97 0.2 0 0 410 5
IndoMalay_98 0.1 0 0 220 2
IndoMalay_99 0.1 0 0 NA NA
IndoMalay_100 0.1 0 0 171 2
IndoMalay_101 0.7 0 0 406 6
IndoMalay_102 0.1 0 0 220 2
IndoMalay_103 0.25 0 0 2572 0
IndoMalay_104 0.1 0 0 424 2
IndoMalay_105 0.25 0 0 2011.3 3
IndoMalay_106 0.3 0 0 319 3
IndoMalay_107 0.1 0 0 50 3
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IndoMalay_108 0.3 0 0 289.7 3
IndoMalay_109 0.1 0 0 220 2
IndoMalay_110 0.1 0 0 175 3
IndoMalay_111 0.2 0 0 479 4
IndoMalay_112 0.2 0 0 238.3 4
IndoMalay_113 0.1 0 0 377 4
IndoMalay_114 0.1 0 0 285 7
IndoMalay_115 0.1 0 0 345 7
IndoMalay_116 0.2 0 0 238 4
IndoMalay_117 0.2 0 0 231 5
IndoMalay_118 0.1 0 0 326 4
IndoMalay_119 0.1 0 0 212 4
IndoMalay_120 0.188 0 0 1537 2
IndoMalay_121 0.125 0 0 293.3 4
IndoMalay_122 0.062 0 0 1210.3 2
IndoMalay_123 0.062 0 0 1220.3 1
IndoMalay_124 0.125 0 0 2089 2
IndoMalay_125 1.1 0.006 0.004 1361.3 9
IndoMalay_126 0.25 0 0 1162.3 3
IndoMalay_127 0.562 0 0 1077 0
IndoMalay_128 0.125 0 0 496 3
IndoMalay_129 0.25 0 0 529.3 1
IndoMalay_130 0.25 0 0 1131 2
IndoMalay_131 0.125 0 0 1195.3 3
IndoMalay_132 0.05 0 0 521.3 19
IndoMalay_133 0.9 0 0 389.3 20
IndoMalay_134 0.2 0 0 139 2
IndoMalay_135 0.8 0 0 148 4
IndoMalay_136 0.05 0 0 528.7 8
IndoMalay_137 0.7 0 0 249 1
IndoMalay_138 1.1 0 0 151 7
IndoMalay_139 51.8 0 0 825 4
IndoMalay_140 0.6 0 0 775 1
IndoMalay_141 0.9 0 0 972 0
IndoMalay_142 0.1 0 0 207.3 21
IndoMalay_143 0.65 0 0 183 0
IndoMalay_144 0.4 0 0 82 0
IndoMalay_145 0.2 0 0 209 4
IndoMalay_146 1.1 0 0 850 3
IndoMalay_147 1.3 0 0 938 3
IndoMalay_148 0.5 0 0 1007 2
IndoMalay_149 0.288 0.003 0.005 800 3
IndoMalay_150 0.1 0 0 1233 12
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IndoMalay_151 0.125 0 0 748 0
IndoMalay_152 0 0 0 1367 12
IndoMalay_153 0.312 0 0 181 2
IndoMalay_154 1.8 0 0 871 5
IndoMalay_155 0.188 0 0 372 4
IndoMalay_156 0.2 0 0 1132 9
IndoMalay_157 0.125 0 0 422 4
IndoMalay_158 0.024 0 0 872 5
IndoMalay_159 2.9 0 0 689 4
IndoMalay_160 1.688 0 0 707 14
IndoMalay_161 0.313 0 0 648 11
IndoMalay_162 0.891 0 0 527 10
IndoMalay_163 0.063 0 0 729 9
IndoMalay_164 0.102 0 0 314 8
IndoMalay_165 0.322 0 0 874 7
IndoMalay_166 0.039 0 0 503 9
IndoMalay_167 0.446 0 0 398 8
IndoMalay_168 0.11 0 0 433 7
IndoMalay_169 0.047 0 0 457 7
IndoMalay_170 0.055 0 0 401 10
IndoMalay_171 0.118 0 0 391 10
IndoMalay_172 0.188 0 0 1594 15
IndoMalay_173 0.188 0 0 1629 13
IndoMalay_174 0.031 0 0 719 24
IndoMalay_175 0.259 0 0 85 1
IndoMalay_176 0.236 0 0 277 8
IndoMalay_177 0.188 0 0 938 30
IndoMalay_178 0.125 0 0 918 2
IndoMalay_179 0.062 0 0 983 3
IndoMalay_180 0.062 0 0 359 20
IndoMalay_181 0.125 0 0 58 23
IndoMalay_182 0.188 0 0 201 31
IndoMalay_183 0.09 0 0 977 34
IndoMalay_184 0.125 0 0 146 16
IndoMalay_185 0.09 0 0 813 36
IndoMalay_186 0.125 0 0 103 15
IndoMalay_187 0.312 0 0 422 56
IndoMalay_188 0.125 0 0 402 46
IndoMalay_189 0.09 0 0 316 38
IndoMalay_190 0.09 0.046 0.031 352 48
IndoMalay_191 0.43 0 0 551 41
IndoMalay_192 0.188 0 0 392 40
IndoMalay_193 0.215 0 0 19 30
Page 75 of 108 Global Ecology and Biogeography
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
IndoMalay_194 0.305 0 0 434 32
IndoMalay_195 0.09 0 0 179 1
IndoMalay_196 0.36 0.022 0.016 381 11
IndoMalay_197 0.4 0.003 0.007 536 19
IndoMalay_198 25 0 0 999 76
IndoMalay_199 1 0 0 909.7 162
IndoMalay_200 2.21 0 0 368.7 318
IndoMalay_201 0.2 0 0 287.7 287
IndoMalay_202 1 0 0 784.7 160
IndoMalay_203 36 0 0 795 56
IndoMalay_204 0.2 0 0 506 92
IndoMalay_205 0.2 0 0 30.7 12
IndoMalay_206 0.4 0 0 262.3 2
IndoMalay_207 2 0 0 354 25
IndoMalay_208 1 0 0 70 28
IndoMalay_209 1.188 0.002 0.002 349 125
IndoMalay_210 0.2 0 0 414 139
IndoMalay_211 0.2 0.003 0.015 654 81
IndoMalay_212 11 0 0 503 117
IndoMalay_213 1 0 0 18 1
IndoMalay_214 2.017 0 0 348 112
IndoMalay_215 0.2 0 0 230 46
IndoMalay_216 2.4 0 0 91 69
IndoMalay_217 17.6 0 0 27.7 87
IndoMalay_218 6.6 0 0 21 22
IndoMalay_219 0.1 0 0 15 105
IndoMalay_220 0.8 0 0 555 98
IndoMalay_221 1.562 0 0 621 99
IndoMalay_222 0.2 0 0 210 6
IndoMalay_223 6 0 0 309.3 44
IndoMalay_224 0.26 0 0 329 82
IndoMalay_225 0.2 0 0 379 53
IndoMalay_226 0.267 0 0 287 102
IndoMalay_227 3 0 0 787.3 103
IndoMalay_228 1.2 0 0 482 91
IndoMalay_229 0.477 0.008 0.021 96 32
IndoMalay_230 0.2 0 0 869.7 205
IndoMalay_231 0.207 0.034 0.108 112 6
IndoMalay_232 0.394 0.014 0.029 184 58
IndoMalay_233 0.53 0 0 421 85
IndoMalay_234 1.024 0.047 0.01 157 14
IndoMalay_235 0.144 0 0 351 78
IndoMalay_236 0.365 0 0 605 129
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IndoMalay_237 1.6 0 0 351 37
IndoMalay_238 3 0 0 514.3 88
IndoMalay_239 0.382 0 0 418 74
IndoMalay_240 9 0 0 881.3 73
IndoMalay_241 21 0 0 1921.3 115
IndoMalay_242 1.2 0 0 1926.3 243
IndoMalay_243 9 0 0 932.3 74
IndoMalay_244 0.1 0 0 2038.3 103
IndoMalay_245 0.4 0 0 804.3 104
IndoMalay_246 0.1 0 0 1833.3 138
IndoMalay_247 1.12 0 0 100.3 119
IndoMalay_248 2.8 0 0 848.3 70
IndoMalay_249 0.2 0.006 0.007 430.3 34
IndoMalay_250 1.2 0 0 2038.3 103
IndoMalay_251 8 0.001 0.003 1833.3 138
IndoMalay_252 1 NA 0 350 43
IndoMalay_253 1 0 0 40.3 50
IndoMalay_254 0.53 NA 0 182 33
IndoMalay_255 0.2 NA 0 56.3 58
IndoMalay_256 2.75 0.001 0.001 92 84
IndoMalay_257 1 0 0 301.7 298
IndoMalay_258 0.75 0 0 226 7
IndoMalay_259 10.5 0.071 0.071 92 74
IndoMalay_260 4.48 0 0 919.3 99
IndoMalay_261 5.85 0 0 867.7 188
IndoMalay_262 9 0.007 0.012 146.7 67
IndoMalay_263 0.2 0 0 133 18
IndoMalay_264 4.5 0 0 429.7 128
IndoMalay_265 4.25 0 0 529.7 66
IndoMalay_266 4.5 0 0 557.3 74
IndoMalay_267 4.5 0.002 0.005 406 63
IndoMalay_268 4.5 0 0 1071.3 3
IndoMalay_269 4.5 0 0 231 80
IndoMalay_270 4.5 0 0 557 120
IndoMalay_271 4.5 0 0 390.7 187
IndoMalay_272 4.5 0 0 981 185
IndoMalay_273 4.5 0 0 675 102
IndoMalay_274 6 0 0 81 80
IndoMalay_275 4.5 0 0 363 80
IndoMalay_276 0.02 0 0 829.3 92
IndoMalay_277 0.04 0 0 409.3 102
IndoMalay_278 0.214 0 0 77.7 108
IndoMalay_279 0.04 0 0 955 81
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IndoMalay_280 0.12 0 0 344.3 7
IndoMalay_281 0.2 0 0 119.7 107
IndoMalay_282 0.44 0 0 81 0
Neotropics_1 0.1 0.018 0.025 19 2
Neotropics_2 0.1 0.051 0.024 135 12
Neotropics_3 0.1 0 0 932 38
Neotropics_4 0.1 0.011 0.016 163 21
Neotropics_5 0.1 0 0 409 27
Neotropics_6 0.25 0 0 225 18
Neotropics_7 0.5 0 0 228 47
Neotropics_8 0.25 0.125 0.14 242 57
Neotropics_9 0.1 0 0 111 27
Neotropics_10 0.5 0.008 0.005 336 23
Neotropics_11 0.5 0.004 0.018 187 22
Neotropics_12 0.25 0.004 0.008 247 17
Neotropics_13 0.5 0.157 0.358 439 76
Neotropics_14 1.25 0.085 0.19 808 131
Neotropics_15 0 0.007 0.011 107 4
Neotropics_16 0.75 0.279 0.429 113 7
Neotropics_17 0.1 0.061 0.239 820 117
Neotropics_18 2 0.044 0.074 270 40
Neotropics_19 0.25 0.229 0.331 143 30
Neotropics_20 0.5 0.466 0.511 104 32
Neotropics_21 0.75 0.215 0.389 130 0
Neotropics_22 1 0.001 0.001 37 14
Neotropics_23 1 0.022 0.02 80 17
Neotropics_24 1 0.023 0.028 9 21
Neotropics_25 2 0.079 0.074 95 32
Neotropics_26 1 0.092 0.067 59 54
Neotropics_27 1 0.04 0.035 179 34
Neotropics_28 1 0.019 0.014 418 11
Neotropics_29 0.1 0.077 0.042 241 22
Neotropics_30 0.1 0 0 1157 72
Neotropics_31 0.1 0 0 612 25
Neotropics_32 0.1 0 0 223 11
Neotropics_33 0.2 0.041 0.085 644 45
Neotropics_34 0.1 0.287 0.19 189 18
Neotropics_35 0.1 0 0 687 64
Neotropics_36 0.1 0.022 0.324 312.3 78
Neotropics_37 0.1 0.004 0.007 654 58
Neotropics_38 0.1 0.033 0.132 772.3 101
Neotropics_39 0.1 0 0 43 21
Neotropics_40 0.1 0 0 160 13
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Neotropics_41 0.1 0.002 0.011 57 74
Neotropics_42 0.1 0.187 0.352 506 100
Neotropics_43 1.1 0.278 0.257 411 82
Neotropics_44 0.1 0.082 0.059 1051 96
Neotropics_45 0.1 0.013 0.081 1920.3 57
Neotropics_46 0.1 0.012 0.103 1920.3 57
Neotropics_47 0.36 0.023 0.105 203 27
Neotropics_48 0.1 0.018 0.044 78 84
Neotropics_49 0.1 0.019 0.061 134 31
Neotropics_50 2 0.03 0.056 466 65
Neotropics_51 0.1 0.005 0.02 1037 125
Neotropics_52 0.1 0.004 0.012 775.7 200
Neotropics_53 2.138 0.016 0.053 965 89
Neotropics_54 2.07 0.011 0.019 860.7 62
Neotropics_55 0.1 0.237 0.515 942.3 41
Neotropics_56 0.1 0.116 0.082 1575 230
Neotropics_57 0.96 0.083 0.266 1575 230
Neotropics_58 1 0 0 873.7 396
Neotropics_59 1 0.029 0.073 279 68
Neotropics_60 0.1 0.187 0.182 3114.3 536
Neotropics_61 1 0.082 0.19 2970.3 306
Neotropics_62 0.1 0.003 0.016 25 30
Neotropics_63 36.15 0.018 0.053 39 24
Neotropics_64 0.1 0 0 79 22
Neotropics_65 3 0 0 54 5
Neotropics_66 3 0.001 0.003 57 7
Neotropics_67 6 0.003 0.008 28 12
Neotropics_68 2 0.026 0.052 50 2
Neotropics_69 2 0.016 0.037 128 0
Neotropics_70 0.1 0.039 0.054 194 4
Neotropics_71 3.5 0.003 0.009 154 41
Neotropics_72 1 0.003 0.005 63 11
Neotropics_73 0.2 0 0 760 30
Neotropics_74 1 0.001 0.004 10 3
Neotropics_75 2 0.001 0.004 195 38
Neotropics_76 4 0.001 0.003 227.7 52
Neotropics_77 0.1 0.013 0.034 1021 144
Neotropics_78 12 0.012 0.037 187 17
Neotropics_79 0.1 0.041 0.074 2860.3 198
Neotropics_80 0.1 0.088 0.263 1773.3 193
Neotropics_81 0.1 0 0 1522.7 752
Neotropics_82 0.1 0 0 901 59
Neotropics_83 0.2 0 0 1214.7 845
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Neotropics_84 1 0.129 0.065 190.3 75
Neotropics_85 0.1 0 0 1566.7 275
Neotropics_86 0.1 0.004 0.025 192 5
Neotropics_87 0.1 0.03 0.03 250 81
Neotropics_88 0.2 0.009 0.016 3 1
Neotropics_89 0.2 0.009 0.017 28 14
Neotropics_90 0.1 0.029 0.103 167 28
Neotropics_91 0.1 0 0 1044 210
Neotropics_92 0.1 0.017 0.053 781 197
Neotropics_93 0.1 0 0 337 67
Neotropics_94 0.2 0.042 0.101 121 46
Neotropics_95 0.1 0 0 842 201
Neotropics_96 1 0.039 0.057 54 83
Neotropics_97 0.3 0.034 0.186 1416 51
Neotropics_98 0.92 0.088 0.272 253.3 51
Neotropics_99 1 0.012 0.032 720.3 77
Neotropics_100 1.8 0.032 0.055 320.3 11
Neotropics_101 2 0.066 0.104 1263.3 121
Neotropics_102 4.1 0.056 0.108 1595 314
Neotropics_103 1 0.058 0.07 1005.3 101
Neotropics_104 0.1 0.075 0.046 972 0
Neotropics_105 1 0.014 0.045 327 90
Neotropics_106 2 0.002 0.004 101 1
Neotropics_107 1 0.021 0.042 242 57
Neotropics_108 0.1 0.018 0.054 100 87
Neotropics_109 2 0.001 0.002 363 35
Neotropics_110 2 0.012 0.057 104 33
Neotropics_111 1 0.035 0.055 221 37
Neotropics_112 1 0.001 0.006 70 21
Neotropics_113 0.1 0 0 172 17
Neotropics_114 1 0.123 0.176 219 35
Neotropics_115 1 0.071 0.067 470.3 21
Neotropics_116 2 0.002 0.008 222 2
Neotropics_117 1 0.01 0.028 196 7
Neotropics_118 22 0.005 0.015 117 5
Neotropics_119 3 0.005 0.014 38 0
Neotropics_120 0.1 0 0 104 11
Neotropics_121 4 0.017 0.018 28 3
Neotropics_122 47.1 0.017 0.047 52 2
Neotropics_123 23 0.008 0.022 5 6
Neotropics_124 2 0.041 0.062 130 9
Neotropics_125 0.1 0.292 0.125 215 15
Neotropics_126 1 0.002 0.005 238 17
Page 80 of 108Global Ecology and Biogeography
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Neotropics_127 3.1 0.03 0.062 247 14
Neotropics_128 1 0.02 0.042 260 24
Neotropics_129 0.1 0.023 0.03 370 41
Neotropics_130 0.1 0.074 0.23 275 39
Neotropics_131 1.2 0.017 0.039 105 10
Neotropics_132 0.1 0.064 0.127 16 47
Neotropics_133 3.5 0.098 0.084 56 3
Neotropics_134 0.1 0.023 0.074 3 30
Neotropics_135 1 0.038 0.089 201 43
Neotropics_136 2 0.064 0.101 364 54
Neotropics_137 4 0.043 0.094 194 20
Neotropics_138 0.3 0.064 0.056 34 6
Neotropics_139 1.035 0 0 711 92
Neotropics_140 5 0.049 0.06 51 16
Neotropics_141 0.1 0.063 0.12 59 6
Neotropics_142 3 0.04 0.057 480 55
Neotropics_143 1 0.042 0.054 470 56
Neotropics_144 0.5 0.112 0.11 29 0
Neotropics_145 3 0.004 0.008 70 17
Neotropics_146 0.5 0.003 0.002 93 13
Neotropics_147 0.1 0.065 0.1 4 32
Neotropics_148 0.2 0.036 0.093 263 62
Neotropics_149 2 0.032 0.085 22 19
Neotropics_150 3 0.045 0.06 40 40
Neotropics_151 0.1 0 0 379 93
Neotropics_152 0.1 0 0 323 106
Neotropics_153 1 0.014 0.028 3 38
Neotropics_154 1 0.01 0.03 28 30
Neotropics_155 2 0.017 0.052 106 22
Neotropics_156 4 0.031 0.046 30 10
Neotropics_157 1 0.124 0.053 80 3
Neotropics_158 1 0.215 0.103 35 1
Neotropics_159 0.1 0.018 0.025 129 4
Neotropics_160 3 0.137 0.097 177 11
Neotropics_161 1 0.203 0.252 160 13
Neotropics_162 5 0.017 0.037 84 5
Neotropics_163 2 0.05 0.109 142 13
Neotropics_164 0.1 0.009 0.013 176 28
Neotropics_165 2 0.013 0.052 421 30
Neotropics_166 0.1 0 0 21 3
Neotropics_167 1 0.006 0.015 198 6
Neotropics_168 0.5 0 0 141 43
Neotropics_169 3 0.029 0.072 134 15
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Neotropics_170 1 0 0 127 42
Neotropics_171 0.1 0 0 545 194
Neotropics_172 4 0.019 0.029 52 3
Neotropics_173 2 0.004 0.014 58 3
Neotropics_174 3 0.033 0.066 97 11
Neotropics_175 1 0.004 0.003 271 3
Neotropics_176 0.1 0 0 59 33
Neotropics_177 0.1 0.005 0.011 28 32
Neotropics_178 1 0.013 0.044 469 114
Neotropics_179 0.1 0.038 0.047 408 86
Neotropics_180 1 0.01 0.017 229 54
Neotropics_181 0.1 0.276 0.269 41 40
Neotropics_182 1 0.185 0.22 479 52
Neotropics_183 1 0.176 0.263 158 5
Neotropics_184 3 0.075 0.097 33 2
Neotropics_185 2 0.032 0.042 65 4
Neotropics_186 1 0.005 0.017 458 74
Neotropics_187 3 0.009 0.026 235 64
Neotropics_188 1 0.14 0.186 196 2
Neotropics_189 2 0.045 0.101 250 9
Neotropics_190 1 0.009 0.01 133 0
Neotropics_191 1 0.066 0.044 331 2
Neotropics_192 1 0.036 0.08 174 0
Neotropics_193 0.1 0.012 0.03 123 9
Neotropics_194 1 0.044 0.055 271 1
Neotropics_195 1 0.034 0.039 250 2
Neotropics_196 1 0.036 0.084 119 11
Neotropics_197 1 0.002 0.002 166 33
Neotropics_198 1 0.013 0.005 276 53
Neotropics_199 1.1 0.041 0.115 61 14
Neotropics_200 0.1 0.04 0.042 671 48
Neotropics_201 2 0.04 0.127 241 11
Neotropics_202 3 0.005 0.015 267 11
Neotropics_203 2 0.098 0.218 171 8
Neotropics_204 5.955 0.06 0.124 47 10
Neotropics_205 3 0.001 0.002 151 50
Neotropics_206 2 0.034 0.07 178 10
Neotropics_207 0.525 0.054 0.137 18 5
Neotropics_208 0.1 0.054 0.124 48 10
Neotropics_209 2 0.078 0.14 102 14
Neotropics_210 4 0.046 0.119 267 16
Neotropics_211 1 0.085 0.145 138 4
Neotropics_212 0.1 0 0 57 7
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Neotropics_213 0.6 0.002 0.003 318 47
Neotropics_214 1 0 0 4 7
Neotropics_215 1 0.203 0.225 65 6
Neotropics_216 1 0.014 0.035 128 11
Neotropics_217 1 0.111 0.135 211 24
Neotropics_218 1 0.007 0.008 104 0
Neotropics_219 1 0.007 0.011 125 0
Neotropics_220 2 0.146 0.168 101 16
Neotropics_221 1 0.045 0.104 113 16
Neotropics_222 10.75 0.126 0.17 85 16
Neotropics_223 0.1 0.047 0.118 270 29
Neotropics_224 2.4 0.115 0.183 100 10
Neotropics_225 2 0.19 0.305 89 8
Neotropics_226 2 0.302 0.449 31 2
Neotropics_227 0.4 0.288 0.368 99 27
Neotropics_228 0.1 0.463 0.471 188 33
Neotropics_229 0.2 0.149 0.173 195 33
Neotropics_230 0.2 0.597 0.598 158 30
Neotropics_231 1 0.047 0.068 104 38
Neotropics_232 0.2 0.073 0.114 144 46
Neotropics_233 1 0.035 0.078 285 21
Neotropics_234 0.1 0.071 0.078 397 47
Neotropics_235 0.1 0.068 0.104 249 34
Neotropics_236 0.2 0.125 0.191 203 48
Neotropics_237 0.3 0.061 0.182 331 52
Neotropics_238 0.5 0.054 0.1 330 55
Neotropics_239 0.3 0.182 0.356 213 37
Neotropics_240 1 0.163 0.259 711 64
Neotropics_241 0.2 0.024 0.045 182 60
Neotropics_242 0.1 0.18 0.299 35 37
Neotropics_243 4 0.13 0.18 184 48
Neotropics_244 0.2 0.117 0.131 94 24
Neotropics_245 0.5 0.162 0.182 1 30
Neotropics_246 0.4 0.091 0.208 194 27
Neotropics_247 0.7 0.073 0.155 67 31
Neotropics_248 1.3 0.233 0.346 821 18
Neotropics_249 0.1 0.238 0.113 383 22
Neotropics_250 0.1 0.094 0.153 194 33
Neotropics_251 0.2 0.061 0.108 145 40
Neotropics_252 1 0 0 156 3
Neotropics_253 0.1 0.029 0.072 1149 49
Neotropics_254 0.1 0.047 0.074 134 43
Neotropics_255 4.5 0.071 0.098 407 15
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Neotropics_256 0.1 0.127 0.2 12 32
Neotropics_257 1 0 0 91 1
Neotropics_258 1 0.001 0.002 210 6
Neotropics_259 2.72 0.187 0.223 433 12
Neotropics_260 1 0.004 0.004 92 1
Neotropics_261 1 0 0 88 1
Neotropics_262 1 0 0 33 0
Neotropics_263 2.25 0.196 0.27 1158 76
Neotropics_264 0.1 0.029 0.123 957 54
Neotropics_265 0.1 0.108 0.189 869 118
Neotropics_266 0.2 0.096 0.075 348 23
Neotropics_267 1 0 0 334 15
Neotropics_268 2 0.008 0.007 400 22
Neotropics_269 3 0.063 0.096 341 15
Neotropics_270 0.1 0 0 88 8
Neotropics_271 0.1 0.045 0.045 30 11
Neotropics_272 1 0 0 220 2
Neotropics_273 0.1 0.08 0.154 44 29
Neotropics_274 0.1 0.057 0.043 249 11
Neotropics_275 0.1 0 0 234 43
Neotropics_276 2 0.052 0.112 742 46
Neotropics_277 1 0.136 0.173 1057 102
Neotropics_278 1 0 0 24 4
Neotropics_279 0.1 0.009 0.027 17 59
Neotropics_280 0.4 0.001 0.007 85 32
Neotropics_281 0.2 0 0 81 29
Neotropics_282 0.2 0.008 0.032 335 29
Neotropics_283 0.1 0 0 73 12
Neotropics_284 0.1 0.014 0.029 58 27
Neotropics_285 0.1 0.091 0.18 147 45
Neotropics_286 1 0.006 0.006 89 65
Neotropics_287 0.1 0 0 35 14
Neotropics_288 0.1 0.047 0.067 336 85
Neotropics_289 0.1 0 0 125 0
Neotropics_290 1 0.017 0.028 307 88
Neotropics_291 1 0.044 0.055 63 43
Neotropics_292 1 0 0.003 233 61
Oceania_1 0.3 0 0 127 61
Oceania_2 0.1 0 0 43 33
Oceania_3 0.1 0 0 420 60
Oceania_4 0.1 0 0 606 119
Oceania_5 0.1 0 0 3 25
Oceania_6 0.1 0 0 26 21
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Oceania_7 0.1 0 0 28 25
Oceania_8 0.1 0 0 131 36
Oceania_9 0.2 0 0 168 41
Oceania_10 0.1 0 0 557 70
Oceania_11 0.1 0 0 429 56
Oceania_12 0.1 0 0 369 46
Oceania_13 0.1 0 0 369 46
Oceania_14 0.1 0 0 138 24
Oceania_15 0.12 0 0 209 24
Oceania_16 0.96 0.023 0.021 210 0
Oceania_17 0.18 0.015 0.009 255 11
Oceania_18 0.42 0.004 0.003 258 22
Oceania_19 0.3 0.051 0.031 258 22
Oceania_20 0.06 0 0 464 47
Oceania_21 0.42 0 0 258 22
Oceania_22 0.18 0.062 0.068 197 48
Oceania_23 0.18 0.013 0.022 244 43
Oceania_24 0.06 0 0 409 52
Oceania_25 0.06 0 0 339 43
Oceania_26 0.24 0 0 197 46
Oceania_27 0.12 0.029 0.026 243 25
Oceania_28 0.06 0 0 152 19
Oceania_29 0.18 0.012 0.011 198 30
Oceania_30 0.3 0 0 400 68
Oceania_31 1.02 0 0 75 14
Oceania_32 0.3 0.009 0.045 66 34
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MeanAnnPPTDryQrtPPT CEC WTD CanopyHt CWMwd
1905 197 62 18.497 NA NA
1300 108 61 2.795 NA NA
1458 145 60 3.434 NA NA
1314 102 38 82.021 NA NA
1506 30 10 2.478 18.661 0.662
1169 42 10 7.901 27.884 0.476
1166 46 12 28.52 NA NA
1197 50 11 24.837 NA NA
1178 52 12 18.617 NA NA
3604 55 17 4.585 24.401 0.581
2705 41 16 2.023 29.144 0.655
1551 90 11 7.001 28.125 0.611
2589 47 15 0 30.631 0.694
3162 49 17 0 30.692 0.673
1490 90 10 20.65 NA NA
1363 85 10 4.906 NA NA
1531 72 10 3.18 28.433 0.598
3250 55 11 18.216 32.949 0.62
1438 86 10 14.822 NA NA
1551 97 11 20.788 NA NA
1545 98 11 8.127 NA NA
3239 59 8 7.353 31.692 0.652
2270 37 9 3.885 43.998 0.574
1997 131 10 7.733 33.266 0.652
1827 147 10 1.946 36.279 0.559
1719 125 10 0 30.614 0.657
1573 117 10 10.686 27.758 0.685
1814 139 9 18.777 30.311 0.594
1651 126 9 14.89 29.382 0.653
1688 127 8 10.455 32.014 0.547
1674 120 10 9.955 29.899 0.58
1687 131 9 27.13 32.37 0.656
1488 117 8 6.633 32.37 0.637
2128 143 9 25.871 35.386 0.671
1594 133 9 6.339 31.887 0.713
1688 141 9 22.092 31.395 0.692
1430 118 10 4.002 34.563 0.721
1990 140 9 0 34.109 0.562
3090 64 43 0 31.848 0.529
1747 148 9 7.567 31.494 0.628
2036 144 8 9.717 33.387 0.548
3417 87 38 22.628 38.486 0.665
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3563 82 35 0 47.057 0.684
2590 109 13 46.136 31.096 0.654
2364 129 12 49.03 34.938 0.533
2429 123 12 22.778 32.96 0.644
1743 96 11 5.41 32.331 0.659
1682 96 12 6.337 NA NA
1733 97 12 3.298 NA NA
1660 95 11 14.472 NA NA
3210 197 15 10.025 36.976 0.656
1517 89 11 0 NA NA
2247 142 13 31.959 35.075 0.613
1515 95 11 0 NA NA
1749 111 10 0 NA NA
1623 118 10 9.224 35.34 0.48
3224 303 10 17.893 49.029 0.629
3274 292 10 111.182 48.861 0.685
2026 178 13 0 43.861 0.775
3217 324 11 10.264 49.96 0.688
2139 207 13 0 46.88 0.71
2717 230 17 17.595 39.325 0.584
2689 214 13 30.903 38.295 0.701
1794 139 11 4.762 46.81 0.67
3276 348 11 3.811 41.055 0.706
3038 329 10 33.363 53.226 0.708
2522 249 17 15.695 46.208 0.692
2147 179 12 4.723 46.201 0.597
2488 210 12 3.853 47.384 0.638
2195 178 12 0 40.339 0.568
1807 152 10 30.477 34.74 0.649
1606 133 11 16.086 36.503 0.675
3094 351 12 0 55.326 0.715
3287 358 11 25.987 58.559 0.637
2590 286 16 0 48.993 0.613
2399 224 13 0.378 53.918 0.613
2374 218 13 31.546 46.472 0.7
2247 189 12 31.333 34.765 0.584
3124 372 16 5.114 42.686 0.682
3191 376 11 3.375 59.531 0.679
3249 377 11 38.323 48.398 0.713
2382 268 12 0.185 50.804 0.773
2905 321 19 74.74 42.447 0.619
2441 241 13 28.314 39.409 0.565
2656 263 11 2.18 42.298 0.577
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2529 247 12 19.375 42.918 0.597
2136 196 12 0 39.84 0.597
3171 381 12 4.8 45.423 0.7
2903 328 11 3.517 40.479 0.686
2793 321 16 0 46.028 0.726
3014 331 18 0 45.03 0.657
3038 340 23 33.906 43.547 0.593
2547 278 12 7.3 46.378 0.615
2532 266 12 0 39.88 0.479
1679 139 11 14.486 36.003 0.632
1548 126 9 34.147 36.756 0.595
1767 147 6 44.996 33.712 0.596
1842 156 7 34.491 34.512 0.628
1803 163 7 30.326 32.447 0.601
3097 331 12 30.809 41.69 0.653
2898 308 10 10.153 43.435 0.682
3153 318 12 24.306 49.133 0.648
2447 245 11 0.677 43.608 0.625
2889 293 16 31.327 47.864 0.615
2847 285 13 3.798 46.414 0.606
2442 233 13 25.27 40.995 0.61
2229 221 12 0 40.055 0.634
2320 230 12 12.602 41.055 0.556
1749 159 8 9.333 37.056 0.664
2948 288 12 0 44.166 0.669
2809 278 13 0 46.34 0.631
2679 263 13 0 54.148 0.597
3232 316 16 121.351 45.453 0.639
3022 289 13 0 42.906 0.577
2550 226 13 6.244 42.156 0.543
2496 224 12 0 44.028 0.601
1767 158 8 0 35.637 0.68
1477 120 11 0 35.874 0.654
2044 248 9 18.462 32.345 0.662
2040 265 9 19.017 31.191 0.69
3533 144 29 13.538 36.795 0.648
1834 225 9 3.944 33.493 0.706
1881 241 9 15.213 35.12 0.716
1630 207 10 2.382 35.85 0.713
2129 80 12 11.273 38.903 0.581
1792 229 8 9.241 37.358 0.711
1767 112 10 2.607 35.972 0.678
2063 151 14 7.987 38.889 0.7
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1945 43 14 21.204 37.977 0.648
1912 54 12 24.456 36.039 0.64
2161 33 18 2.138 34.877 0.616
1910 33 12 15.957 36.656 0.586
2038 35 12 21.039 36.28 0.54
3206 53 20 16.216 32.99 0.609
1980 33 13 30.425 37.082 0.54
1561 26 12 38.044 39.722 0.564
1567 45 11 5.365 37.59 0.647
1620 69 10 3.236 32.821 0.634
1549 184 18 88.431 32.701 0.571
2592 38 20 179.553 38.053 0.68
2295 31 15 0 34.242 0.69
1692 40 12 14.143 37.78 0.624
1750 73 11 7.236 36.428 0.674
1610 32 12 17.606 38.592 0.597
1894 271 9 22.297 36.897 0.642
1701 246 7 0 40.267 0.609
1879 50 12 18.4 34.825 0.686
2055 60 12 0.732 31.607 0.471
1693 15 12 0 35.96 0.682
1302 13 12 2.818 38.356 0.6
1430 13 13 34.671 36.164 0.681
1422 16 11 0 34.259 0.64
1418 28 12 49.024 34.618 0.651
1324 13 12 0 36.725 0.642
917 103 23 62.542 27.835 0.528
1397 15 10 46.217 37.739 0.63
1694 18 9 19.96 37.064 0.655
1065 117 26 137.292 31.782 0.56
993 100 25 107.362 30.158 0.511
1107 108 29 27.634 36.792 0.573
1509 159 29 28.779 30.502 0.551
2416 19 15 4.92 35.287 0.602
2006 227 9 17.486 34.915 0.608
1907 17 16 14.894 28.869 0.631
1865 9 17 7.727 36.488 0.649
1823 9 14 60.254 31.835 0.695
1165 74 39 35.897 22.253 0.624
1486 86 35 32.817 30.092 0.528
1428 91 45 3.835 35.248 0.491
1374 90 46 8.8 30.659 0.531
1430 91 38 6.076 28.666 0.456
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1453 88 40 0.967 34.412 0.475
1432 83 32 19.241 28.317 0.531
1270 79 31 3.302 32.113 0.532
729 42 14 19.574 16.775 0.554
1226 104 16 211.838 20.462 0.616
1638 215 17 10.861 25.684 0.569
1666 219 14 57.88 24.212 0.577
1356 120 12 125.722 18.263 0.582
1917 245 12 76.002 26.593 0.577
1882 241 12 30.287 28.074 0.522
1221 172 15 20.957 13.891 0.712
1344 69 22 237.572 19.217 0.569
1037 68 13 41.809 13.297 0.756
1117 76 8 17.263 15.766 0.667
1365 68 23 103.985 21.354 0.607
1479 82 15 13.527 28.932 0.592
1300 80 13 42.183 24.322 0.577
999 12 17 2.326 20.051 0.629
3122 338 26 11.305 27.368 0.641
2083 82 18 14.791 35.208 0.587
1761 157 21 19.645 23.523 0.623
1375 143 32 NA 21.134 0.68
2006 159 27 23.897 28.31 0.569
1714 126 22 19.066 21.125 0.622
1952 149 24 12.611 22.637 0.642
2108 170 27 8.412 25.104 0.606
1894 139 22 22.244 19.869 0.607
1989 153 26 12.475 24.203 0.586
1534 273 24 13.926 29.312 0.649
1963 372 29 9.367 30.218 0.564
1826 314 21 8.568 34.048 0.518
1772 303 21 93.651 33.383 0.533
1604 223 15 89.293 34.406 0.529
2202 387 18 26.851 34.072 0.607
1911 312 16 27.925 31.3 0.508
2530 409 26 10.107 32.335 0.549
3006 422 26 196.19 25.161 0.568
2699 602 20 0 26.985 0.591
2691 614 19 0 30.74 0.551
2705 616 17 0 30.374 0.612
3276 641 23 6.284 29.71 0.527
3059 596 24 1.877 26.877 0.542
3221 618 22 2.823 35.985 0.49
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3181 419 40 0.843 40.961 0.476
3699 460 28 15.435 36.022 0.518
4201 532 29 36.509 36.164 0.532
3779 545 30 7.184 34.4 0.533
2121 248 24 12.726 30.207 0.557
3151 185 30 0 21.208 0.614
2132 80 20 16.351 20.548 0.553
2011 72 18 55.651 18.796 0.584
1952 73 18 17.613 19.433 0.594
2648 138 16 43.315 20.205 0.659
2122 91 20 27.494 20.085 0.603
2059 121 21 54.839 20.975 0.639
2297 141 19 19.33 21.04 0.564
1909 145 20 14.675 26.365 0.481
3243 249 19 5.533 25.843 0.543
2282 176 16 47.014 19.364 0.525
2869 243 25 34.88 17.459 0.58
3470 301 22 0 26.702 0.758
2326 182 19 40.261 17.892 0.608
1761 85 17 27.037 13.935 0.599
1683 88 18 20.285 13.821 0.599
1873 250 22 112.027 18.041 0.563
4187 673 47 169.433 12.891 0.593
3990 731 37 0 15.43 0.598
4535 630 41 9.96 17.311 0.525
4838 699 56 2.006 18.238 0.448
4071 621 42 0 13.954 0.638
1663 106 23 191.751 10.18 0.482
1208 80 25 0 11.22 0.541
1704 133 15 1.298 12.59 0.493
1558 191 14 10.145 7.673 0.527
1686 156 16 31.337 9.794 0.56
1891 191 16 11.362 9.781 0.56
1659 97 15 17.747 12.66 0.477
2102 196 19 12.262 8.935 0.585
1522 147 17 2.528 9.069 0.581
1892 210 17 125.322 9.439 0.487
2269 207 18 11.215 13.638 0.522
1326 90 15 0 14.271 0.552
3869 31 18 1.476 17.911 0.588
3433 34 16 9.637 19.23 0.556
3572 32 20 17.796 23.841 0.603
3126 33 13 5.232 27.026 0.607
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3174 31 18 0 25.961 0.49
3205 32 46 0.388 14.798 0.5
3862 37 20 46.553 24.071 0.561
3575 35 15 45.624 22.78 0.498
3421 36 16 41.657 22.626 0.557
3075 31 23 0 26.586 0.472
3511 35 14 30.687 21.441 0.608
3044 35 15 5.047 17.889 0.512
3162 37 18 37.091 13.377 0.485
3030 36 17 4.705 19.086 0.4
1706 111 15 49.308 17.913 0.55
2420 35 20 0 23.582 0.571
2404 35 18 7.18 22.754 0.581
2439 114 23 18.591 17.893 0.722
2115 92 23 0 19.07 0.72
1765 74 23 94.128 19.685 0.697
2171 106 26 54.743 19.588 0.571
1627 63 22 11.774 23.223 0.583
2378 123 24 4.693 21.339 0.559
1265 49 21 20.893 19.055 0.62
1486 61 21 8.18 21.739 0.616
1554 52 22 79.673 20.971 0.541
1480 47 22 15.523 21.664 0.547
1978 85 19 13.81 24.296 0.595
1835 65 23 24.347 21.819 0.535
1733 59 21 49.808 20.325 0.549
1586 68 21 35.095 22.954 0.565
1617 87 33 17.464 22.255 0.549
1154 48 15 4.942 26.023 0.605
1681 50 21 0 18.598 0.664
2163 49 21 167.858 18.314 0.636
1817 52 22 152.589 15.478 0.648
1853 76 18 22.945 22.705 0.634
1673 71 13 0 20.475 0.663
1817 70 18 28.509 18.539 0.567
2142 93 19 11.809 21.696 0.588
1666 65 17 20.935 18.074 0.581
1905 78 19 51.156 17.434 0.6
1409 42 19 198.665 20.004 0.649
1744 61 20 12.414 22.664 0.56
3360 1 40 82.855 27.628 0.634
1255 21 20 213.894 17.766 0.595
1098 24 17 9.615 20.356 0.625
Page 92 of 108Global Ecology and Biogeography
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
1235 23 16 7.668 16.149 0.54
3193 17 20 21.826 25.485 0.618
3254 16 19 0 24.689 0.693
1098 24 21 0.044 18.011 0.555
2848 16 17 0 21.767 0.614
2691 21 20 0 21.091 0.635
2232 19 20 90.036 17.474 0.572
2939 16 20 5.132 21.73 0.568
3402 3 43 199.347 25.371 0.606
NA NA 31 34.236 33.654 0.509
3832 3 44 20.249 23.103 0.639
4376 1 39 19.343 28.151 0.642
3983 3 33 2.321 23.772 0.62
4039 3 31 69.694 23.301 0.702
2561 17 20 6.873 27.092 0.481
1758 17 18 24.821 24.776 0.731
2989 18 21 40.037 27.551 0.53
1530 20 22 10.95 23.581 0.664
1564 20 21 18.738 23.563 0.584
3303 0 33 20.448 26.816 0.647
3845 0 39 46.668 30.059 0.648
4414 0 30 12.986 29.023 0.626
4193 0 33 3.605 26.828 0.643
3709 0 33 280.559 30.027 0.633
3860 0 29 35.16 30.564 0.653
4458 0 28 12.475 35.201 0.615
3190 0 19 10.797 32.072 0.631
5189 0 23 19.599 34.568 0.632
4654 0 23 26.325 35.524 0.763
6298 3 16 5.222 33.622 0.68
6291 3 19 14.232 33.973 0.571
2779 23 23 24.48 23.605 0.54
2564 20 22 3.238 34.346 0.541
2837 23 23 14.687 29.562 0.501
NA NA NA NA 37.392 0.637
2710 19 26 9.946 31.903 0.46
2558 19 22 5.603 32.817 0.554
2837 23 23 14.687 31.681 0.49
5581 3 20 0 36.06 0.621
2749 24 20 53.916 25.79 0.553
5288 3 22 7.081 36.95 0.773
3090 22 22 19.617 27.738 0.586
2943 23 20 39.541 28.21 0.581
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2987 27 21 27.261 31.638 0.523
2837 23 23 14.687 27.718 0.541
3200 23 21 32.12 31.731 0.428
3055 18 19 27.31 26.567 0.548
3515 26 21 2.968 28.933 0.512
3205 22 24 25.015 27.5 0.538
2812 22 22 48.344 30.731 0.566
2633 19 26 0 27.432 0.539
3459 26 23 39.467 28.933 0.564
2876 25 26 10.564 31.891 0.507
2782 25 24 10.269 27.796 0.546
2941 26 23 26.679 31.456 0.569
4103 6 19 23.753 27.676 0.545
3570 8 18 12.648 35.373 0.616
4487 10 21 23.308 30.751 0.605
4497 11 22 51.205 30.054 0.548
5127 11 22 13.497 34.668 0.573
4638 100 23 12.042 31.77 0.591
4439 12 21 115.277 32.7 0.564
3638 12 18 90.759 33.539 0.586
3614 12 17 14.042 36.44 0.577
3806 17 23 440.071 37.016 0.586
4039 17 20 7.473 32.084 0.575
4472 24 21 3.857 39.462 0.56
3798 65 16 11.243 26.083 0.615
3666 59 15 21.803 28.094 0.583
1832 17 17 19.462 16.333 0.653
1859 17 17 38.352 21.973 0.666
2748 55 15 0 30.255 0.613
2371 21 16 13.234 34.363 0.624
2063 21 21 0 31.161 0.624
1610 27 20 36.312 26.226 0.653
1173 27 15 0 22.606 0.698
1066 31 15 217.736 15.474 0.678
3484 61 14 20.834 29.977 0.687
3170 58 15 98.376 28.829 0.69
3339 62 36 31.892 30.454 0.708
2323 21 17 0 29.425 0.628
1458 28 19 43.575 28.432 0.607
1298 35 15 42.642 25.669 0.696
1151 34 16 0.971 18.468 0.751
2561 24 18 26.249 29.153 0.612
1636 57 26 181.252 28.462 0.579
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3100 29 22 4.66 24.509 0.591
1664 63 27 11.641 NA NA
2650 30 41 0 29.458 0.564
1296 43 21 91.147 19.733 0.631
2730 37 20 4.277 35.813 0.609
1408 51 19 19.007 14.951 0.695
3270 37 20 25.116 28.958 0.607
2193 56 18 10.113 29.71 0.588
3589 45 23 20.351 34.148 0.571
2358 60 23 11.307 34.371 0.574
2693 43 21 19.807 29.122 0.602
2798 48 21 93.869 33.432 0.582
1726 54 23 9.313 25.658 0.649
1629 44 20 0.552 24.144 0.655
1677 60 22 59.915 20.152 0.633
925 43 19 22.275 14.93 0.404
2157 39 22 0.705 35.233 0.538
2687 49 19 162.641 30.977 0.546
2697 49 23 20.893 26.97 0.572
1014 43 23 0 18.046 0.766
960 43 22 33.754 14.326 0.594
3624 46 20 0 32.872 0.507
3635 44 23 34.025 34.552 0.61
3385 68 24 39.794 30.901 0.57
2528 54 23 22.616 32.211 0.569
1021 41 21 13.017 22.352 0.702
2766 61 22 8.033 35.211 0.503
1248 76 25 19.248 28.167 0.609
1129 73 24 98.223 31.603 0.634
2195 74 26 87.433 35.482 0.602
1767 81 22 4.834 32.07 0.564
1922 82 22 181.732 32.907 0.574
1062 116 22 113.132 38.227 0.573
1267 69 16 0 28.798 0.6
1205 118 21 163.852 27.571 0.582
1460 75 18 5.892 32.608 0.577
1844 111 17 43.358 30.179 0.612
1544 127 21 145.117 30.231 0.566
1744 133 22 21.567 29.64 0.564
1772 147 23 97.443 23.752 0.583
1335 134 20 0 32.499 0.579
1497 140 19 9.36 31.078 0.578
1667 122 21 0 31.726 0.579
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1473 141 18 40.652 34.383 0.532
1432 70 43 37.273 31.723 0.476
1496 123 47 12.982 28.363 0.575
2223 140 12 88.129 29.446 0.605
2702 265 18 0 34.835 0.604
2367 453 15 97.989 33.656 0.609
2908 309 34 15.606 29.393 0.619
2989 379 35 21.366 25.099 0.663
2492 485 25 36.875 36.362 0.562
3684 488 25 23.495 34.227 0.579
2787 378 15 3.517 39.126 0.625
3246 370 17 0 27.142 0.585
3539 399 17 0 31.056 0.578
3098 527 15 17.694 32.065 0.561
2502 423 15 4.38 32.355 0.484
1570 204 23 62.137 33.496 0.572
2624 439 12 47.379 38.194 0.567
2504 342 12 23.766 35.39 0.558
2059 399 13 11.987 31.891 0.541
3085 390 17 4.413 30.122 0.629
2122 394 13 0 35.394 0.568
2812 452 11 8.393 38.645 0.542
3079 583 14 29.324 37.098 0.614
3249 531 17 0 35.092 0.584
2843 474 17 0 36.274 0.58
2449 315 13 74.751 35.047 0.597
1702 291 16 0 34.806 0.58
2261 412 17 8.646 38.025 0.558
2263 404 14 19.485 33.597 0.539
3586 718 17 80.793 36.478 0.593
2279 499 18 0 34.196 0.575
2441 411 13 19.756 36.912 0.559
2300 534 14 31.125 34.256 0.654
4064 776 17 14.729 33.991 0.632
2949 599 17 21.118 31.339 0.557
2124 475 15 14.476 35.247 0.605
2407 416 12 13.67 34.429 0.585
2124 480 15 14.814 32.691 0.611
2124 482 16 0 28.34 0.639
2541 549 14 31.408 31.974 0.604
2140 485 15 0 32.958 0.577
2452 539 13 0 30.663 0.565
2123 456 12 28.826 35.481 0.624
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3255 564 20 151.734 36.855 0.537
3791 707 19 1.427 33.578 0.598
1975 439 14 10.962 33.746 0.538
4158 653 17 0 31.9 0.607
5198 958 25 0 34.436 0.599
5203 996 26 4.238 33.739 0.602
4209 724 18 44.787 33.61 0.587
5315 797 26 0.147 28.164 0.591
4081 736 25 16.401 32.885 0.604
5110 742 24 4.809 35.183 0.562
3377 637 25 5.215 30.573 0.576
4125 701 25 0 33.083 0.595
3707 615 23 15.473 35.945 0.559
5315 797 26 6.325 36.635 0.614
5110 742 24 94.015 33.286 0.618
2816 385 23 65.154 NA NA
3317 731 16 135.991 35.625 0.556
2953 550 18 0 NA NA
3333 619 17 4.199 NA NA
3102 618 17 63.887 28.786 0.632
2975 582 14 0.262 36.551 0.577
3018 566 17 4.811 33.342 0.596
2455 555 20 26.182 32.083 0.587
4196 750 22 18.869 36.453 0.598
2409 316 18 7.166 36.506 0.568
3130 472 22 132.665 34.033 0.56
2798 378 27 3.726 21.813 0.624
2847 399 14 217.737 34.568 0.598
2747 471 16 55.613 36.128 0.568
3834 509 18 0 36.257 0.562
3300 452 27 30.964 35.658 0.56
4348 565 34 13.413 34.803 0.567
3185 476 16 0 35.653 0.598
3808 550 28 0 34.787 0.607
2886 384 19 1.783 38.123 0.617
3004 421 24 38.175 37.007 0.566
2806 333 25 40.335 37.022 0.544
3103 399 24 8.041 35.958 0.548
2528 309 26 9.513 36.487 0.566
4106 619 32 121.781 26.753 0.48
3686 617 28 0 38.508 0.538
3199 297 29 49.951 33.74 0.511
3466 396 24 33.079 31.591 0.543
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3621 553 31 0.627 31.234 0.588
3157 213 28 0 34.82 0.46
1664 151 26 8.352 25.192 0.477
1433 144 22 2.339 14.448 0.719
1357 153 31 101.781 21.581 0.607
1220 115 31 50.696 30.282 0.614
2039 303 64 42.248 28.314 0.466
3401 170 33 7.454 27.238 0.575
1879 241 32 29.823 24.629 0.539
1825 268 24 28.664 16.499 0.65
1858 283 26 37.341 15.45 0.605
1501 220 27 0 20.656 0.466
2035 253 56 33.557 21.619 0.651
1789 239 31 27.957 25.354 0.653
1820 232 31 188.297 22.942 0.621
2020 290 31 72.978 24.73 0.614
2591 373 30 51.478 27.181 0.562
1300 172 27 0 22.275 0.633
1874 241 29 64.321 24.142 0.551
2599 352 25 79.472 26.986 0.612
1404 94 34 8.322 19.974 0.591
1857 194 31 16.543 25.31 0.584
1755 185 30 68.607 20.893 0.599
1964 236 30 36.112 22.726 0.649
1546 118 23 20.879 15.834 0.509
1781 138 27 22.402 19.013 0.64
2098 154 28 4.823 20.66 0.59
2426 163 28 0 31.197 0.602
2960 197 30 0 29.747 0.631
3183 216 31 24.612 34.97 0.586
3292 228 31 11.218 32.451 0.619
2080 116 23 24.539 21.711 0.596
1795 72 26 44.931 35.987 0.484
1316 13 21 48.165 18.719 0.416
1269 8 23 25.548 20.51 0.681
2545 76 38 10.566 32.325 0.541
1968 73 32 12.104 32.975 0.571
1703 72 27 17.171 34.154 0.546
3589 402 26 0.461 34.788 0.692
1684 76 26 66.94 31.456 0.578
4049 455 24 0 30.467 0.666
1168 58 23 24.506 25.9 0.59
1363 70 18 9.649 23.367 0.578
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2245 45 39 10.716 28.717 0.612
2686 77 31 54.566 23.848 0.573
2797 79 26 6.626 29.791 0.444
2025 44 27 19.343 23.099 0.502
5197 278 31 73.3 35.392 0.618
5197 278 31 73.3 32.19 0.495
3352 233 29 66.999 32.59 0.543
2224 76 49 0 28.747 0.62
2204 259 16 49.362 33.06 0.668
1469 189 24 10.602 25.259 0.667
2191 241 36 69.907 31.677 0.553
2501 295 38 0 37.353 0.645
1182 155 38 246.209 26.009 0.546
2416 309 28 18.079 24.718 0.603
4219 583 30 96.32 33.262 0.487
4699 692 26 4.124 29.912 0.501
4699 692 28 17.624 35.201 0.6
2403 283 39 26.569 21.304 0.536
2594 274 40 0 29.142 0.602
6391 1203 27 3.93 26.978 0.547
6247 924 21 50.497 33.217 0.646
2246 314 12 1.271 37.628 0.722
2756 189 19 6.266 33.064 0.681
1357 204 37 2.264 26.763 0.602
2430 279 13 0 37.388 0.767
2662 298 13 15.085 35.987 0.779
2821 311 16 12.012 30.788 0.659
2419 267 15 1.129 28.127 0.67
2464 258 10 10.908 27.467 0.747
3080 512 45 158.952 29.936 0.563
2994 304 14 30.975 32.131 0.668
2466 259 13 12.842 36.5 0.671
2019 198 36 8.263 33.38 0.557
2288 239 11 0 35.205 0.792
1960 181 12 0 32.115 0.635
3049 286 13 70.67 31.579 0.656
1296 190 29 356.514 30.369 0.567
3018 218 14 0 34.437 0.681
6137 913 22 2.348 27.604 0.645
5050 796 38 252.127 30.51 0.589
1754 272 31 59.703 27.537 0.548
2162 188 13 26.301 37.694 0.689
2062 312 32 76.586 38.392 0.565
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3467 474 12 0 32.713 0.712
1710 275 35 223.715 32.522 0.534
2602 356 52 3.511 32.119 0.57
1239 78 19 64.103 33.803 0.672
2209 422 12 0 28.362 0.725
2264 443 14 0.712 28.485 0.724
1326 69 34 31.036 35.282 0.612
882 125 50 56.744 32.808 0.557
3262 631 16 3.592 32.822 0.658
1542 118 32 10.422 36.035 0.536
3278 508 14 4.459 25.344 0.673
1102 79 30 26.268 21.957 0.56
3139 613 13 5.727 28.766 0.605
2752 134 20 51.676 37.201 0.565
3530 578 36 0 32.872 0.541
3997 635 18 8.401 29.014 0.571
3597 556 17 1.12 29.956 0.602
4540 744 19 21.637 28.797 0.576
4573 856 16 13.75 29.781 0.527
4282 695 17 0 27.197 0.553
2156 44 17 8.363 27.875 0.556
2750 298 14 21.699 36.16 0.713
2614 102 15 3.259 30.84 0.652
2685 248 12 12.123 29.025 0.671
2533 251 15 0 33.621 0.742
2161 172 14 10.783 32.477 0.722
2498 173 10 6.328 31.198 0.653
2355 167 16 1.208 27.237 0.495
2524 192 12 14.367 32.978 0.661
1193 7 28 0 33.24 0.41
3491 635 19 0 28.86 0.562
3747 617 20 3.475 27.753 0.625
2481 331 11 0 31.237 0.734
2539 325 12 4.345 31.723 0.697
2617 333 13 0 31.883 0.709
2560 308 12 4.541 30.595 0.698
1862 112 15 0 20.232 0.63
1953 117 13 3.559 28.866 0.667
2566 271 11 2.51 32.123 0.705
2631 280 11 10.883 30.986 0.705
2881 514 16 3.436 29.68 0.654
2203 232 28 8.145 20.226 0.611
2960 568 16 0 28.812 0.697
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3097 589 15 0 29.521 0.615
3174 611 17 13.409 29.35 0.619
2755 533 30 18.392 26.257 0.517
2565 526 28 14.993 30.363 0.548
3222 596 19 5.559 30.906 0.581
3004 528 21 0.527 36.652 0.508
1779 76 11 6.642 30.316 0.664
2946 548 23 0 30.569 0.53
3043 500 20 0 32.08 0.573
2876 478 17 3.291 29.522 0.599
2389 244 13 1.428 30.012 0.663
2881 561 16 0 26.26 0.672
1036 191 30 232.652 21.409 0.567
2989 532 16 0 27.707 0.629
2994 541 15 5.847 31.761 0.657
3410 526 15 0 27.504 0.659
3413 527 15 0 21.977 0.738
2558 440 20 4.461 29.811 0.613
2493 291 11 0 28.905 0.679
2565 435 18 0 24.383 0.651
2872 435 17 0 31.411 0.596
1858 355 20 129.667 28.133 0.581
2342 337 18 0 32.046 0.6
2654 318 11 0 27.044 0.67
1089 31 18 90.721 31.129 0.522
1110 52 17 23.071 23.597 0.54
2660 319 11 0 30.108 0.683
2661 314 10 0 30.938 0.685
2555 306 17 0 37.766 0.563
2672 306 14 0 30.133 0.677
1667 89 13 0 28.112 0.756
2042 111 12 90.209 27.681 0.643
2535 365 20 2.991 28.629 0.674
2577 357 16 0.098 27.788 0.668
2606 355 17 3.815 27.201 0.586
2463 252 11 2.571 32.133 0.676
2327 229 10 0 31.713 0.671
1181 191 23 145.904 27.096 0.508
2755 222 17 0 38.846 0.675
1836 84 13 15.534 38.535 0.688
1708 62 10 0 30.552 0.648
1022 141 18 135.465 11.922 0.874
2236 202 11 0.783 32.667 0.686
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905 124 19 104.886 13.687 0.555
1653 258 26 37.146 21.345 0.51
1889 61 9 1.595 29.412 0.606
1935 61 9 3.25 30.187 0.621
2243 195 11 0 29.902 0.691
1994 78 14 128.926 32.586 0.677
1073 127 33 32.305 16.89 0.585
990 118 30 298.386 19.167 0.516
2076 324 17 150.716 25.787 0.618
1320 213 14 26.274 16.981 0.697
1371 219 13 111.549 22.02 0.704
2234 287 18 1.531 26.648 0.641
1458 101 16 11.486 27.631 0.619
1691 125 15 2.857 31.248 0.612
1540 92 14 0 33.252 0.517
1588 95 16 10.902 35.824 0.525
1508 176 19 43.017 30.056 0.614
2142 237 29 308.329 27.483 0.525
2045 24 8 5.051 29.075 0.629
1929 206 16 41.111 32.037 0.599
1990 26 8 9.312 29.328 0.642
1433 13 9 1.127 23.467 0.669
1868 98 17 0.142 34.025 0.611
1779 75 14 0 28.002 0.617
1437 13 8 9.825 25.006 0.673
1567 13 8 6.158 23.813 0.59
1945 113 17 11.605 30.382 0.621
2421 206 48 12.435 19.104 0.576
1913 191 29 2.724 21.27 0.556
1911 200 22 0 30.563 0.62
2500 265 18 13.895 34.772 0.627
1948 208 18 54.501 32.921 0.559
1704 179 19 76.057 35.413 0.597
1867 23 8 3.521 27.476 0.599
2151 24 8 3.036 28.232 0.552
2210 211 37 149.853 22.106 0.557
1720 80 13 2.643 27.97 0.583
2011 24 7 7.14 27.988 0.614
1930 78 12 1.971 29.012 0.635
1862 70 12 7.434 26.147 0.654
1675 59 11 0 26.938 0.633
1782 28 9 0 29.206 0.615
1453 157 28 12.685 26.278 0.588
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1202 135 23 0 22.531 0.635
913 91 16 6.202 29.609 0.512
1774 84 12 0 25.5 0.549
1844 84 12 2.181 27.578 0.643
1683 71 14 3.321 26.691 0.604
1739 14 9 3.246 26.826 0.682
1751 9 9 6.303 24.703 0.693
1495 122 13 21.932 30.663 0.578
1500 133 12 0 33.102 0.649
1480 130 13 0 32.775 0.554
1421 126 13 6.18 31.728 0.581
1525 149 13 0 31.305 0.594
1580 160 13 2.228 34.649 0.533
1672 178 12 1.088 33.231 0.493
2153 129 13 8.519 26.291 0.533
2063 131 14 1.154 27.32 0.579
2059 137 14 17.943 25.174 0.622
2080 135 13 15.243 25.182 0.517
2165 172 12 24.312 29.065 0.597
2448 191 13 23.589 27.242 0.552
2508 172 14 10.894 28.314 0.626
1939 139 13 15.116 25.086 0.528
1808 124 13 0.845 26.365 0.671
2170 185 13 1.607 26.724 0.591
2111 172 14 0 31.533 0.645
2146 172 14 9.064 29.729 0.571
1910 132 13 8.772 31.141 0.609
3591 429 15 4.277 32.466 0.566
2736 246 14 17.559 30.14 0.582
2277 176 15 3.685 28.78 0.521
2038 152 14 14.383 27.926 0.588
2212 149 14 2.251 21.864 0.546
2160 146 14 3.414 24.33 0.58
2417 179 14 1.756 29.056 0.636
1932 137 14 0.471 28.178 0.581
3550 353 16 9.304 32.125 0.574
2557 197 15 0 25.893 0.664
2472 190 14 0.914 26.509 0.587
1943 147 14 0 26.66 0.6
1597 13 7 17.739 22.476 0.642
4119 422 20 1.579 34.223 0.56
2654 236 15 4.917 31.552 0.678
2707 235 15 9.818 28.881 0.599
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2058 161 13 0.659 26.018 0.642
1756 11 8 26.126 24.137 0.689
1686 17 5 20.543 22.397 0.663
2710 239 15 5.771 27.627 0.582
1702 9 9 0 22.48 0.731
1736 11 8 19.62 23.317 0.639
1684 9 7 31.224 24.026 0.612
3931 427 19 7.058 31.065 0.565
3445 369 24 4.74 33.979 0.579
3090 393 22 0.583 28.65 0.562
1900 173 17 0 28.494 0.583
2202 48 7 6.121 30.168 0.643
2923 61 9 22.284 18.758 0.691
2393 51 9 13.583 20.165 0.647
987 75 19 2.38 22.84 0.733
1563 90 10 5.721 18.494 0.533
1718 75 9 7.976 24.259 0.643
1512 88 18 127.9 21.44 0.601
1864 155 20 14.446 18.495 0.595
1376 71 28 14.127 15.548 0.51
2952 251 15 1.762 26.568 0.501
2835 269 16 16.809 25.108 0.586
638 33 19 151.749 16.587 0.64
1241 135 12 11.527 23.286 0.643
1435 83 12 19.606 23.782 0.641
954 98 18 8.671 15.705 0.771
1434 166 34 8.053 20.992 0.645
1298 97 11 0 21.66 0.682
981 99 24 0 22.444 0.668
1568 144 15 40.248 25.34 0.622
1723 242 11 27.925 19.785 0.62
1483 219 15 4.678 20.744 0.743
2210 259 18 1.692 18.896 0.635
979 23 23 21.201 11.859 0.553
1941 336 16 33.536 17.509 0.623
1725 291 18 36.211 17.425 0.694
1777 300 18 13.113 16.982 0.621
1993 302 62 NA 21.142 0.761
1648 262 54 NA 17.846 0.394
1221 153 34 NA 19.595 0.572
1309 161 52 NA 21.224 0.317
1586 252 27 NA 17.726 0.707
1643 258 27 NA 18.591 0.452
Page 104 of 108Global Ecology and Biogeography
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
1636 269 25 NA 24.197 0.439
2010 340 26 NA 22.851 0.513
2167 366 26 NA 27.381 0.417
1830 169 27 0 30.84 0.337
1813 169 27 32.344 25.656 0.64
1890 181 28 23.089 25.045 0.54
1890 181 51 0 21.579 0.639
2045 198 35 47.603 30.65 0.543
2675 352 30 NA 27.663 0.709
2451 347 28 NA 28.918 0.626
2374 334 27 NA 27.476 0.622
2437 333 31 NA 26.538 0.698
2437 333 29 NA 24.875 0.685
2256 310 50 NA 24.69 0.622
2437 333 45 NA 28.199 0.668
1701 297 40 NA 35.111 0.52
1648 291 31 NA 37.581 0.434
1630 288 43 NA 32.367 0.491
1675 302 50 NA 26.877 0.753
1722 303 35 NA 33.909 0.497
1841 328 37 NA 26.089 0.516
1614 299 27 NA 24.26 0.472
1971 355 28 NA 34.368 0.512
1611 291 27 NA 32.152 0.556
2165 394 30 NA 32.757 0.566
2063 376 26 NA 33.619 0.41
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Column
Location
PlotArea
Palm_rBA
Palm_rA
MeanAnnPPT_Anom
DryQrtPPT_Anom
MeanAnnPPT
DryQrtPPT
CEC
WTD
CanopyHt
CWMwd
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Description
Unique ID of location
Total area (ha) of plots included in the location
Relative basal area (%) of palms (versus palms+trees) in the location
Relative stem abundance (%) of palms (versus palms+trees) in the location
Absolute difference between LGM and current mean annual precipitation (mm/yr)
Absolute difference between LGM and current precipitation in the driest quarter (mm/quarter)
Mean annual precipitation (mm/yr)
Precipitation in the driest quarter (mm/quarter)
Cation exchange capacity (cmol+/kg)
Water table depth (m)
Maximum (95 percentile) of forest canopy height (m)
Basal area-weighted average wood density (cm^3/kg), excluding palms
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Reference, if applicable
Karger et al. (2017)
Karger et al. (2017)
Karger et al. (2017)
Karger et al. (2017)
www.soilgrids.org
Fan et al. (2013)
Chave et al. (2009); Zanne et al. (2009)
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